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ABSTRACT
Purposeful sound production in fish may be accomplished either by air bladder
mechanisms or stridulatory mechanisms, and often by combinations of both. In
all cases frequency characteristics are a key to the origin of the sound. Since most
sonic fishes remain silent except when they respond to definite external or internal
stimuli, individual experimentation is necessary to evaluate soundmaking habits.
Accordingly 60 North Atlantic coastal fishes were segregated and, where possible,
were subjected to a series of carefully controlled situations and stimulations. Of
these, 27 species produced sounds of biological origin, 27 sounds of mechanical origin,
and six no sounds at all. Each species which demonstrated biological sound ability
has been considered separately; characteristic outputs and spectrum analysis figures
are described, the stimulation required for sound production is discussed, anatomical
data on the mechanisms involved are given, and the significance of the species as a
soundmaker is estimated. Experimental results indicate that sound may be used
voluntarily as a means of communication, particularly to implement breeding, as an
expression of fright, as a measure of defense or offense, as a response to environmental
changes, or as a means of orientation; and sometimes there is no apparent reason for
the sound. Involuntary sound production occurs under certain other stimulation.
Included also are known data concerning geographical, seasonal, vertical and diurnal
distribution as well as breeding habits, since these facts are essential in predicting
the sounds produced by any species.
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PROBLEM AND PROCEDURE
The fact that some fishes make audible sounds above the surf ace of
the sea was recognized by early peoples, and, because this ability was
apparent in only a few species, it constituted their principal mark of
distinction. Thus sciaenids were known to the early Romans as
"little crows," to the Greeks as "grumblers," to the Japanese and
Spanish as "snorers," and to the Portuguese as "grunters." Linnaeus,
Lacepede, Rafinesque, and others entered these descriptive popular
terms into formal scientific nomenclature as Corvina, Corvula, cromis,
Roncador, courbina and grunniens. "Croakers" and "grunts" in the
modern English vernacular have the same connotation.
In available records, the first allusion to under the surface fish noise
was made by Lieutenant John White USN, who in 1823 reported
extraordinary activity below his ship, imaginatively compared to the
united efforts of a deep-toned organ, jingling bells, a guttural frog,
and an enormous harp. Throughout the later literature of explora
tion and taxonomy there are similar references to noisemaking marine
animals, but only during the last decade has the magnitude of these
underwater choruses been appreciated.
Subsurface sound production is no longer considered rare, since it
is of common occurrence among many marine forms (Fish, 1948, 1949,
1953a; Fish, et al., 1952). In pursuance of this new conception of a
noisy rather than a silent world of the sea, recent studies have been
centered in Rhode Island, Bermuda and Bimini, B.W.I. Our objec
tives have been: (1) a catalogue of noisemakers in the western North
Atlantic, (2) physical analyses of the characteristic sounds produced,
(3) examination of the anatomical mechanisms involved, and (4) a
study of the biological significance of soundmaking in each species.
The present paper deals only with fishes experimented upon at the
Narragansett Marine Laboratory, Kingston, Rhode Island; research
on the more southerly fishes, invertebrates, and marine mammals
will be reported separately.
Fishes held captive in wire enclosures in open water and in labora
tory aquaria were subjected to a series of carefully controlled situa
tions and stimulations as a means of evaluating their soundmaking
habits. Wherever possible, routine monitoring with hydrophone and
sound recorder covered the reactions when a species was introduced
into new surroundings and after it had been acclimated, when it fed
alone or competitively, when more fishes of the same species were
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added, when presumably friendly species or suspected enemies were
placed in the same enclosure, when conditions of crowding were created,
and when various artificial stimuli were applied. Since most fishes
with the necessary soundmaking apparatus emit sound if electrically
stimulated, electric shock was included in order to quickly sort the
potentially sonic species from the silent ones. Sounds were picked
up by Naval Ordnance Laboratory quartz crystal hydrophones (with
frequency response from 10 to 10,000 cps) and were fed into an ana
lyzer unit which consisted of an audio amplifier (with flat response
from 40 to 20,000 cps), both low and high pass filters, and power
supply. The filter output was recorded by Esterline Angus Graphic
Ammeters, which indicated the root-mean-square pressure in the fre
quency bands from 10 to 30,000 cps. Permanent recordings were
accomplished on magnetic tape by Magnacorder PT 63 (with fre
quency response from 20 to 15,000 cps) and by Webster Electric
Model 111, and on discs by Presto 88A3S recording amplifier with
6-N recording turntable and by a converted Gray Audograph Elec
tronic Soundwriter. Frequency spectra of the sounds thus recorded
were obtained by Hewlett Packard Model 300A harmonic wave ana
lyzer and a Western Electric Type RA363 octave filter. In present
ing these data, frequencies obtained by harmonic filter are plotted
against a linear frequency scale, whereas those obtained by octave
filter are plotted on an octave scale (that is, points on the charts relate
pressure level of that portion of the fish's sound lying in the indicated
octave). More specific details of apparatus, analysis procedure, and
general methods of experimentation have already been described
(Fish, Kelsey and Mowbray, 1952).
Such individual experimentation is considered essential, since the
majority of sonic fishes respond only to definite external or internal
stimuli and remain silent at all other times. Thus, between early
June and late July, in certain areas of Narragansett Bay, hydrophones
may pick up a continuous chorus of loud boat-whistle-like sounds as
the resident toadfish move about in anticipation of breeding, whereas
during the rest of the year they reveal none of these contacts. Only
rarely does one find a species such as the sea robin that uses sound
spontaneously and very frequently in the course of ordinary colony
life.
Moreover, laboratory studies are necessary since an evaluation of
background sounds of biological origin cannot be gained by mere
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routine field scanning. Even the most loquacious species are usually
silenced by the approach of a vessel. Only by means of a wire-encased
hydrophone suspended from a buoy some distance away have good
field observations been accomplished, and then only after considerable
waiting periods. That fishes resort to silence when confronted by
strange contacts is not surprising; animals commonly attempt to avoid
detection in the face of possible danger.
To determine the character and magnitude of underwater sound
sources in any particular area, therefore, seasonal and diurnal field
recordings must be supplemented by measurement of the sound output
of all species in the local fauna. It must be assumed that any one
with soundmaking ability may contribute to the general background
if the proper stimuli occur. Frequency ranges, patterns and pressures
of individual sounds, and data on the circumstances associated with
their production are contained in the following pages and may be
used for such studies. Also included are available data on geograph
ical, seasonal and vertical distribution, which are essential in predict
ing sound production by each species. Where available, breeding
details are added inasmuch as the occurrence of sound is often syn
chronized with this cycle. 2
TYPES OF SOUND PRODUCTION AMONG FISHES
BIOLOGICAL SOUNDS

Ability to create noise of any kind must be the criterion for deciding
whether a fish is or is not a potential noisemaker. However, we are
interested chiefly in sounds of biological origin. The term "biological"
is used here to indicate sound, often purposeful, which originates in
the body of the fish itself by means of either internal or external or
gans. Thus biological sound is differentiated from "mechanical"
noise which is incidental to swimming, feeding, collision, or other
activity of the fish.
No organs in fishes are developed for the exclusive purpose of sound
production, but certain parts of the body are modified to perform
this function in addition to other functions. Thus teeth, pectoral
girdle, and finrays may become successful sound mechanisms. The
organ that participates most often in sound production is the air or
swim bladder, which is a membranous sac of atmospheric gases lying
2 Our personal records have been supplemented by available faunal data, par
ticularly those of Dr. Henry B. Bigelow and Mr. William C. Schroeder.
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in the coelum between the vertebral column and the alimentary tract;
sometimes it is closely associated with organs of hearing. Embryo
logically the air bladder arises as a diverticulum from the dorsal side
of the alimentary system, and in certain fishes (Physostomi) its
primitive connection is permanently retained through a tube known
as the ductus pneumaticus. However, in most adult fishes (Physo
clisti), the bladder, if present, is a completely closed sac whose gaseous
contents are changed by diffusion and secretion from the blood.
The typical air bladder is composed of a tunica externa, which con
sists of a capillary network covered by a layer of tough collagenous
and elastic fibers, and a tunica interna of smooth muscle fibers lined
with pavement epithelium. A rich blood supply is available through
the rete mirabile, which consists of vascular and glandular "red glands"
and which is embedded between these two coats, most frequently
inferior in position. By altering the composition or amount of gas
enclosed, the fish is enabled to change its specific gravity and thus
remain in equilibrium with the varying pressures of the surrounding
water. Although this hydrostatic function may be considered para
mount, the air bladder, with its membranous walls in a state of tension,
is a natural "sound box" or "resonator" and is frequently so employed.
Arn BLADDER MECHANISMS

The nature of fish sounds is determined by several factors, es
pecially the size and shape of the air bladder, its internal septa or
partitions, and the associated musculature. Although experiments to
date have been insufficient to measure accurately the relationship of
sound to size of bladder, it is indicated that successively lower pitch
may be expected with increasingly larger fishes of the same species.
That is, frequency rate may be expected to decrease as the size of the
air bladder increases.
The quality of the sound is further influenced by the contour of the
air bladder, which varies in shape in different species from a simple
oval to a complete U; frequently there are stubby or attenuated horns
at either end. More intricately designed bladders may have an
enormous number of diverticula or finger-like processes which arise
laterally and which open into the central cavity. One sciaenid, for
instance, has 25 tubular extensions on each side, all of which divide and
subdivide into dorsal and ventral branches, some of which end blindly
while others are prolonged into series of arches that connect with
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similar arches on the other side. In some the bladder wall is extremely
tough and thick while in others it is so thin as to be translucent or
partly transparent.
Internally the air bladder is lined with epithelial tissue, and in its
simplest form it is a single large cavity. In many noisemakers,
however, a transverse membranous diaphragm divides this space into
two chambers which communicate through a single tiny hole in the
middle or through narrow lateral apertures. Sudden pressure against
one portion of the bladder wall must cause unequal pressure of the
gas in the two chambers; the membranous diaphragm accordingly
is set in motion, and the resulting sound is intensified by the vibratory
motion of gas across its free edges. Experiments with several species
showed that typical sounds were not produced after the bladder had
been deflated by cutting its normally taut outer wall.
Sufficient pressure to initiate vibrations within the air bladder may
be applied in various ways:
1. There may be specially developed masses of striated muscle
fibers which are embedded in the outer walls and which are enervated
by the vagus nerve. Contraction of these so-called "intrinsic muscles"
diminishes the size of the cavity, which in turn compresses and sets
in vibration the membranous walls and gaseous contents. Such
musculature is described for Pri'.onotus carolinus, (p. 82), P. evolans,
(p. 85), Chaetodipterus Jaber, (p. 61), and Opsanus tau, (p. 89); it has
been shown also in Zeus faber and in some species of the genus Trigla
(Dufosse, 187 4), in Macrourus fabricii, Brosme brosme, Pollachius
virens, Melanogrammus aeglifinus, Gadus pollachius, Phycis mediter
raneus (Hagman, 1921), and in Porichthys notatus (Greene, 1924).
2. Outside or "extrinsic muscles" may be used for the same purpose,
as in the case of the "elastic spring mechanism" of siluroids. This
is developed by an elaborate modification of the fourth vertebra to
form a tendinous "spring" which fits like a cap over the front of the
air bladder, its outer end attached by strong taut muscles to the back
of the skull. By vibrating the spring-muscle apparatus, sound is
produced and amplified by vibrations transferred to the air bladder.
Similar attachment of extrinsic muscles to the skull has been shown
by S¢rensen (1884) in Ophidium spp. and Triacanthus brevirostris and
by Hardenburg (1934) in Therapon spp. The attachment is made to
adjacent ribs in the case of Raniceps ranimus and Gadus callarias
(Hagman, 1921), and to the lateral wall of the visceral cavity in
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Cynoscion regalis (as shown here), C. nebulosus, Micropogon undulatus,
Bairdiella chrysura (Tower, 1908), Molva molva and Lota lota (Hagman,
1921).
3. When no special musculature is developed, then the air bladder
gases may be set in vibration by: (a) pressure applied through a gen
eral contraction of skeletal muscles (as in Tautoga onitis, p. 58; Roccus
saxatilis, p. 38; Centropristes striatus, p. 43; Merluccius bilinearis, p. 93),
(b) rhythmic beating of finrays against a taut membrane lying just be
hind the pectoral fins where the wall of the air bladder is in direct
contact with the superficial skin (Balistes carolinensis, p. 64), (c) vibra
tions set up first in the pectoral girdle (B. carolinensis, p. 64) or in the
pelvic girdle (Myoxocephalus octodecimspinosus, p. 79), or (d) vibrations
initiated by the pharyngeal teeth (Caranx crysos, p. 30; Alectis ciliaris,
p. 32; Seriola zonata, p. 33; Cynoscion regalis, p. 50; Menticirrhus
saxatilis, p. 51; and B. carolinensis, p. 83) and by other teeth (Steno
tomus chrysops, p. 46; Stephanolepis hispidus, p. 65; Ceratacanthus
schoepfi, p. 69; Spheroides maculatus, p. 71; and Chilomycterus schoepfii,
p. 75).
The air bladder may function as a sound mechanism by means of
the expulsion of its gas. Visual observation during the clucking of
Anguilla rostrata (p. 19) indicates that bubbles of gas may escape
through the pneumatic duct and branchial aperture and, in some
species, through a posterior opening of the bladder near the anus
(p. 98). Sounds associated with the release of air bladder gas were
reported by Dufosse (1874) for Anguilla anguilla (the European eel),
Cyrinus carpio, Squalinus cephalus, Barbus barbus, Misgurnus fossilis,
Nemacheilus barbatula, and Siluris glanis. Dijkgraaf (1932) showed
that the expulsion of each gas bubble from the mouth of minnows
was accompanied by sound resembling a mouse squeak.
GENERAL CHARACTERISTICS OF Am BLADDER SouNDS

Because air bladder sounds are usually low pitched, guttural, vibrant
and drum-like, they are variously described as thumps, grunts, groans,
growls, knocks, thuds, clucks, boops, or barks. Typically they have
a hollow quality, like the sound of a distant tomtom or of hammering
on a wooden wall or like the sound produced when a wet finger is
rubbed along the surface of an inflated balloon.
These sounds exhibit a wide range of frequency, often extending
from below 50 up to 1200 or 1400 cycles, but most of the energy is
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concentrated toward the low end of the spectrum. Principal fre
quencies in the 75-to-150 cps octave band are characteristic, as shown
in tape recordings of the eel, thread herring, striped bass, gray sque
teague, tautog, spadefish and toadfish growls. As indicated above,
smaller individuals of these species, as well as small specimens of black
sea bass, northern scup, cunner, common and southern striped sea
robins, have principal frequencies in the 150-to-300 cps band.
Except for variations due to size, frequency characteristics are quite
constant for each species. Likewise, recordings made at intervals
over several months show that each specimen maintains an almost
identical sound pattern through repeated stimulations. In fact, the
sounds are so individual that laboratory personnel have soon learned
to distinguish between the grunts of several sea robins held in captiv
ity, thereby identifying the particular soundmaker.
STRIDULATORY MECHANISMS

Friction of some body part against another is also a common means
of sound production. Most frequently this is accomplished by the
so-called "gill teeth" located on the pharyngeal bones immediately
behind the branchial arches. Derived from primitive generalized
arches, the pharyngeal bones tend to retain a sickle-like shape with a
short base of insertion and a larger arched body. Patches of teeth,
often united into a single plate on the upper pharyngeal bones while
remaining paired on the lower, may be weak or strong, straight, curved,
pointed, molar, villiform, setiform, cardiform, etc. Since the teeth
have become modified for special masticatory functions, carnivorous
species have hooked or pointed pharyngeal teeth coupled with short
intestine, herbivorous species have molar teeth and long intestine,
and mollusk-eaters have heavy cardiform or granular teeth. Thus
diet may offer a clue to both the quantity and quality of the stridula
tory sound to be expected.
The purposeful scraping of teeth in the jaws is another source of
audible stridulation. In some species fine transverse ridges on the
posterior surface of the teeth intensify the whine produced when the
upper and lower incisors are rapidly rubbed together (Stephanolepis
hispidus, p. 65). It is significant that none of the other tooth surfaces
are modified in this way. Similar grating is effectively accomplished
in those fishes which have their teeth fused into a beak-like structure
(Spheroides maculatus, p. 71 and Chilomycterus schoepfii, p. 75).
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Less frequent but extremely efficient is the modification of skeletal
bones into soundmaking organs. General vibration of the bones of
the pelvic girdle (Myoxocephalus octodecimspinosus, p. 79) and stridula
tion between postcleithrum and the longitudinally grooved inner
surface of the cleithrum (Balistes carolinensis, p. 64), between the
basal process of the pectoral spine and its socket in the cleithrum
(Doradidae), and between the pelvic spine and basipterygium have
been observed in widely separated families (Caproidae, Gasterosteidae,
and Triacanthidae). In some Siluroidea the first five vertebrae are
rigidly connected to the skull, thus forming a compressed bony plate
with close-set parallel ridges against which the sixth vertebra scrapes
noisily. Also, the fusion of the spines on the fourth and fifth vertebrae
may form a pair of thinly ridged plates between which the first inter
spinous bone of the dorsal fin articulates and thus produces loud grat
ing (Bagaridae). Because these various mechanisms are activated by
particular body movements and in response to definite stimuli, they
are considered to be functional sonic organs.
Bridge (1904) summarizes various skeletal modifications and also
cites other cases of stridulation by organs which have not been specially
modified, such as opercula, hyomandibular bones, or marginal fin
spines. In species which have a defensive spine-locking mechanism,
sound produced concurrently with fixation of the spine gives evidence
of being more than incidental (Balistes carolinensis, p. 64). Uchida
(1934) has reported that two Korean catfishes, Pelteobagus fiuvidrago
and P. vacheli, make the sound of rolling pebbles by holding the
pectoral spines at right angles and by rubbing the basal portion of the
fins against the body. In the same way, apparently purposeful sound
is produced by articulation of the skull and body segments in a fish
with a hard exoskeleton (Hippocampus hudsonius, p. 26).
GENERAL CHARACTERISTICS OF STRIDULATORY SOUND

Stridulatory sound is easily identified by its rasping, scraping,
scratching or whining character. Except in such cases where sounds
are made by spine locking or head snapping, they are continued as a
sustained burst, sometimes of considerable duration. The spread of
frequency may be extremely wide, often from 50 to 4800 cycles, and
as a general rule the maximum energy is located higher in the spectrum
than is usual in air bladder sounds. Typical stridulatory sounds
are those of the northern seahorse (of skull-coronet origin) and thread-
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fish (pharyngeal teeth) with principal frequencies between 400 and 800
cycles and those of the common triggerfish (pharyngeal teeth) and
burrfish (front teeth) which reach above 4800 cycles. However, note
that some stridulatory sounds may be of very low frequency, such as
the humming which originates in the pelvic girdle of the sculpin. As
with air bladder sounds, those produced by stridulation remain quite
constant for each species in frequency range and general pattern.
SOUNDS OF MIXED ORIGIN

In many of the noisiest fishes, the soundmaking mechanism is more
complicated in that it involves more than one organ. Most common
is the association of pharyngeal teeth and air bladder, which enables
sound vibrations initiated by stridulation to be considerably rein
forced. Experiments with several species having well developed
patches of pharyngeal teeth in close proximity to the anterior end of
the air bladder have demonstrated that any interference with these
organs, either by deflation of the air bladder or by prevention of
pharyngeal scraping, would be sufficient to completely alter a charac
teristic sound. Similar results were obtained with species in which
the incisor teeth and air bladder work together. The use of pectoral
finrays as "drumsticks" on a taut "drumhead" has been observed in a
few species where the air bladder is in direct contact with the super
ficial skin at a point just behind the fin.
In the case of sounds of mixed origin, frequency characteristics as
well as observed tonal qualities usually serve to distinguish these
sounds. The toothy rasping of the orange filefish (p. 68), with a
principal frequency at 600-1200 cycles, has the earmarks of stridula
tory sound, but its high pressure (99.63 db above 0.0002 dyne/cm2
within 15 feet of the hydrophone) is greater than that expected from
the scraping of incisor teeth. Similarly, the loudness of the blue
runner's high-pitched bursts (p. 30) indicates pharyngeal grinding
amplified by the air bladder. An analysis of knocks made by the
banded rudderfish (p. 33) shows predominant frequencies of 150 to
300 cycles (typical of air bladder sounds), but a sharp rather than a
dull quality to this sound evidences a certain amount of pharyngeal
stridulation.
MECHANICAL NOISE

The production of mechanical sound will be discussed only briefly
at this time. Most commonly such noise is associated with feeding,
hence dentition and diet are a clue to its possible occurrence. Such
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bottom-feeders as the rays have pavement-like teeth of a grinding
type, and their activity on feeding grounds is marked by the crackling
sound of crushing shells. The triggerfish has a powerful set of chisel
like teeth that drill noisily into mollusks. Flounders and wrasses
use blunt molar-like pharyngeal teeth for mastication of similar hard
food. Even vegetarian fishes may produce unusual noise with pharyn
geal grinding when a bite of seaweed, scraped from a rock or piling,
happens to have hard-shelled animals attached. Listening in shallow
water that is well populated by cunners may reveal constant clicking
and chirping, which are chewing sounds.
Still more accidental are the sounds made by bottom fishes in search
of food or cover. Experiments with many species have demonstrated
that considerable noise accompanies such activity, particularly when
loose rocks or other hard objects clutter the bottom. If empty tin
cans or pieces of bottle are present, such species as toadfish and eel
may be heard nosing in and around them. Baited cans provoke
numerous species to noisy rattling.
Although the usual swimming of all fishes is probably silent, sudden
violent activity either when swimming at the surface or leaping into
the air must be recognized as an occasional source of underwater sound.
Dobrin and Loomis (1943) noted "mechanical disturbance of water
caused by quick rotation of body" in Shedd Aquarium specimens of
Chaetodipterus Jaber, Pomacanthus paru, and P. arcuatus; and Miyake
(1952) recorded for Neothunnus macropterus: (1) low frequency sounds
of very short duration which he believed were caused by "the sudden
movement of the tail," and (2) sounds produced when the tail came
above the surface.
The varied nature of such accidentally produced noises makes any
statement of general characteristics impossible. However, the under
water listener soon learns to differentiate between such sounds and
those of biological origin. Although the latter vary greatly in content
and proportion of frequency components, there seem to be undefinable
tonal qualities by which all may be recognized.
BIOLOGICAL SIGNIFICANCE OF SOUNDMAKING
It will be noted in the species data which follow that sonic fishes,
like most sound-producing animals, use this ability voluntarily for
communication and involuntarily with certain other stimulation.
Frequently spawning is a major incentive, at which time increased
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noisemaking may be important in bringing together individuals of a
species. Observations on various members of the croaker family in
Atlantic, Pacific and Mediterranean waters indicate that character
istic choruses are synchronized with actual spawning migrations. In
frequent solos announce the arrival of the first mature specimens;
then a loud symphony of mingled croaking is heard at the height of
the season; finally the sounds taper off gradually as the dense schools
break up. In the case of catfishes that must locate one another in
muddy water, sonic ability may be considered compensation for poor
visibility.
Experiments have shown that the characteristic sounds used to
implement breeding usually change in quantity only, not in quality.
Though such sounds are louder and more easily induced at this
season, frequency patterns remain unchanged. Sometimes, however,
a distinct sound seems to be reserved as a "mating call" (Opsanus tau,
p. 89).
Soundmaking appears to function also when certain species are
guarding their nests. The male Opsanus, if its cache of eggs is threat
ened, responds with coarse angry growls.
The repeated and continuous use of sound in a company of fishes,
even for no obvious purpose (Prionotus carolinus, p. 82), has been
demonstrated in only one northern family, the triglids. Occasionally
in other groups it apparently serves specific functions in the general
colonial activity. For instance, a single carangid could not be induced
to produce sound, but when a group was netted together, mass rasping
resulted (Caranx crysos, p. 30). As suggested for a diodent (Chilo
mycterus schoepfii, p. 75), mob reaction in time of distress may well
be accompanied by sound production. During competitive feeding
this ability is often noted and is observedly effective.
Like birds, certain fishes (notably sciaenids) and marine inverte
brates (snapping shrimp) indulge in increased noisemaking at dawn
and at dusk. In Narragansett Bay enclosures containing a number of
different species, the noise level frequently became higher at a turn of
the tide, probably reflecting greater feeding activity. Observations
in the vicinity of Beaufort, N. C. have indicated that a maximum of
croaker noise occurred between 2100 and 0200 and that another dis
cernible rise took place during maximum fl.ow of tide in locations
having strong tidal currents (NOL, 1944). Croakers are known to be
nocturnal feeders'.
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Although the usual reaction to mild stimulation or apprehension is
a wary silence, almost every sonic species makes its characteristic
signal if sufficiently startled, just as man exclaims involuntarily. If
cornered, the same fish resorts to defensive sound which varies from
low warnings to explosive outbursts depending on the degree of alarm.
In cases where actual offensive action is taken by an individual, sound
seems to be a frequently used weapon.
An interesting possibility is the use of sound for orientation. Al
though evidence is not conclusive, the clicks of a seahorse, when asso
ciated only with a change in environment, may be the specimen's
attempt to fix its position, at least in respect to other individuals.
Griffin (1950) has suggested that fishes may have developed an echo
sounding technique similar to that which has been indicated among
whales (Fish, 1949). In underwater recordings made by the Woods
Hole Oceanographic Institution over a depth of 2795 fathoms, 170 miles
north of Puerto Rico, loud sounds of apparent biological origin were
followed by faint repetitions of themselves; Griffin concludes, "It
is thus plausible to infer that at least one abyssal fish estimates its
distance above the ocean floor by echo sounding. But we cannot pass
beyond the level of speculation without further data concerning the
occurrence of such sounds, their correlation with the presence of fish or
other marine animals, and the quantitative sensitivity of their hear
ing."
NORTH ATLANTIC SPECIES STUDIED FOR SOUND
PRODUCTION IN THE PRESENT INVESTIGATION
PRODUCERS OF BIOLOGICAL SOUND

Family I. ANGUILLIDAE. The eels.
1. Anguilla rostrata (LeSueur). American eel; common eel; silver eel;
freshwater eel.
Recorded Sounds. Two types of sound are made by the American
eel: (1) dull thuds or thumps, produced singly, with a frequency spread
of 25 to 1200 cycles; (2) long continued low clucking which resembles
the "put-put" of an outboard motor, clicking or squeaking. The
solid line in Fig. 1, indicating the average of eight thumps made by a
700 mm specimen, shows an over-all pressure of 107.88 db above 0.0002
dyne/cm2 at a distance of one foot from the hydrophone. There is
a strong maximum at 75-150 cps (104.49 db), with some indication of a

1954]

Fish: Character and Significance of Sound Production

17

second harmonic in the 150-300 octave. The broken line, indicating
the average of five thumps made by a 545 mm American eel, has a
definite peak at 150-300 cps (106.75 db) and an over-all pressure of
107.27 db. The slightly higher pressure and the lower frequency of
the first sound are undoubtedly due to the greater length of the pro
ducer.
The bubbling "put-put" noise, though audible on many occasions
in the air, was never recorded under water. This sound is apparently
the "bruits de souflle" reported by Dufosse in 1874 and is probably the
"distinctly musical" voice of the American eel which Abbott mentioned
in 1877. As described by the latter, its single note, frequently re
peated, with slightly metallic resonance, can be heard only after dark
and sometimes on wet nights during overland migration when the sound
may resemble the "faint squeak of a mouse."
Stimulation to Sound Production. The sounds analyzed in Fig. 1
were induced by electric stimulation. Ten specimens were used for
the experiment and in every case a low but distinct thump could be
heard whenever mild shock was administered. No other underwater
biological sound was observed at any time.
Clucking was induced by removal from the water. Immediate
individual clicks or small squeaks, spaced a few seconds apart, were
audible; later, especially if a specimen were kept on its back, the sounds
increased to an almost continuous burst lasting up to 15 seconds.
When the specimen became quiet, another pulse could be incited by
any such disturbance as motion of the container, slight prodding, or
loud noise. Specimens kept alive in a wet bucket clucked occasionally
during periods up to three hours. Attempts to record the sound under
water by thrusting a clucking individual into an aquarium were un
successful, since the bubbling ceased immediately upon immersion.

Mechanisms Involved. The American eel thump has the character
istics of an air bladder sound and it must be assumed that the bladder
participates in its sound production. Coincident with the sound, a
slight opening of the mouth and a contraction of the gill region are
observed. There is no correlation with motion, since the thump occurs
in stationary specimens as well as in swimmers. The air bladder of the
545 mm specimen (Fig. 1, broken line) measured 160 mm and is typical
of all specimens examined. This comparatively thin-walled and elon
gate organ extends from behind the head to immediately above the
anus; since it is closely attached for its full length, it is thus protected
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Figure 1. Spectra of thumps produced by two American eels, showing the higher over-all
pressure and lower frequency characteristics of a larger specimen.

by embracing parapophyses of the vertebrae. A large duct (ductus
pneumaticus) with thin semitransparent walls leads through a vascular
lined area into the mid-dorsal surface of the air bladder and connects
with the dorsal surface of the oesophagus near its juncture with the
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fundic stomach. Anteriorly the air bladder is attenuated and is held
tightly between the entrance of the ductus and the stomach. On the
bladder's interior, near the entrance of the ductus, there are two em
bedded masses of capillaries over which the flattened epithelial lining
continues without modification. These vascular bodies of tightly
coiled afferent arteries and efferent veins, similar to the rete mirabile of
the Physoclisti, were compared by Quekett (1844) to the cellular
lungs of reptiles. 3
No evidence of the use of pharyngeal teeth in sound production
has been observed. The upper pharyngeals, consisting of two separate
patches of minute cardiform teeth, are located on either side on the
head of the fourth epibranchials, one on the left and one on the right;
the lower pharyngeals are two narrow areas of similar teeth. It seems
probable that general skeletal muscle contraction plays the greatest
part in initiating vibrations within the air bladder.
The source of the clucking sound is more easily observed. During
the production of this sound the eel inflates its "cheeks" and bubbles
issue from the branchial apertures. It is suggested that these bubbles
represent the escape of gas from the air bladder by means of the ductus
pneurnaticus. Since anatomists believe that air may be inhaled occa
sionally, it is possible that the eel takes in air through the mouth and
expels it directly through the gills. However, it seems more probable
that air, if taken in, passes directly to the air bladder through the
ductus and escapes later via the same route. The absence in the
ductus of muscle tissue, which would enable its dimensions to change,
restricts its use to a mere respiratory channel. However the general
body contraction noted above may render the air bladder and gill
covers a sufficient pumping system to produce sound.

Significance of the American Eel as a Soundmaker. Underwater
sonic activity of biological origin can probably be discounted entirely
in this species. Although an air bladder sound of low amplitude is
possible, its occurrence seems unlikely except under such conditions as
sudden shock, in which case it might be involuntary. However, con
siderable accidental noise can be attributed to the American eel be
cause of its habit of nosing into objects on the bottom, often forcefully
moving stones during the pursuit of prey or when escaping enemies.
3 Various theories, advanced to explain the American eel's tenacity of life, ability
to make overland migrations, etc., have included smallness of external gill openings,
exchange of gases through the skin, and the use of the air bladder as a lung,
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Such activity is limited to inshore areas, for both sexes frequent tidal
marshes and other estuarine situations; most females run far up
stream. Only in autumn when spawning approaches do they return
to the open ocean. During their migration of some 3000 miles to the
spawning grounds in the Sargasso Sea region, they fast and swim well
below the surface, hence little if any sound should be expected.
The bursts of clucking observed in the air undoubtedly could occur
in significant volume if great numbers embarked simultaneously on an
overland migration. Although authentic records state that small
numbers journey thus from river headlands to landlocked ponds, I
know of no observations on mass movements of adults. Experiments
to date have indicated that clucking occurs only when the specimen is
agitated and is not continuous during exposure to air. This species
may be expected in fresh water tributaries on the east coast of the
United States from the Gulf of St. Lawrence to the Gulf of Mexico and
Brazil, Bermuda and the West Indies. Females reach a maximum
length of about 1500 mm, but males seldom exceed 450 mm.
Family II.

CLUPEIDAE.

The Herrings.

2. Opisthonema oglinum (LeSueur).
herring.

Thread herring; hairy-back; shad

Recorded Sounds. Male and female thread herrings, 183 to 210 mm
in length, produced hollow knocks of low intensity which were constant
for each individual and which varied little between the five specimens
tested. The frequency spread in every case extended from approxi
mately 50 to 1200 cycles. The analysis curves differ principally in
pressure registered at 75 cps, which component is characteristic of air
bladder sounds induced by electric stimulation; also, around 225 cps,
all analyses show a second definite peak that falls quite abruptly there
after and disappears at 1200 cps. Fig. 2, obtained from the average
of sounds produced by two individuals, shows predominant principal
frequencies in octaves 50-100 cps (104.61 db) and 150-300 cps (99.3
db) with little higher harmonics. The over-all pressure determined
here is 100.18 db above 0.0002 dyne/cm2 within two feet of the hydro
phone.
Stimulation to Sound Production. The charted sounds were pro
duced when thread herring were electrically stimulated. As with most
other clupeoids, these small fishes were unsatisfactory for laboratory
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Figure 2. Frequency spectrum of the thread herring, from the average of sounds pro
duced by two individuals.

purposes; they were not only difficult to transport but they were un
easy in captivity. They showed no interest in food during the week
of observation and only retreated with alarm during routine experi
ments. Of all species observed, this one gave the greatest response
to low sound stimulation.
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Mechanisms Involved. Simple squeezing of the air bladder by the
general muscular contraction of the body may be responsible for the
vibratory knocks that result from shock, but escape of air bladder gas
through the pneumatic duct may contribute to the audible sound.
Undoubtedly the latter explanation accounts for "herring squeaks"
that are reported when specimens are lifted into the air (Fish, 1948).
Evans (1940) theorizes that when herring swim toward the surface
"they discharge bubbles from their swim-bladder and these bubbles
bursting must produce some sound and it is significant that herrings
have an accessory organ of hearing."
The thread herring air bladder is a simple, elongate, thin-walled
tube that extends from head to anus; it is closely embraced by the
parapophyses but not adherent to the vertebral column. A pneumatic
duct extends forward from the mid-ventral surface of the air bladder
to the mid-dorsal surface of the caecal stomach just posterior to the
junction of cardiac and caecal stomachs. Unlike the air bladder of
the American eel, which remains adjacent to the vertebral column for
its full length, the posterior attachment here is ventral. Although a
narrow tapered point reaches the genital pore, the bladder end in our
specimens is blunt and closed, hence it is similar to that of Clupea
finta (Regan, 1911). There is no evidence of the minute opening
to the exterior that has been observed in related C. harengus, C.
pilchardus, C. sprattus, C. alosa, and Engraulis encrasichola. Some
species of Clupeidae have a system of branching caeca, but no such
outgrowths from the air bladder appear in the thread herring.
Pharyngeal apparatus is feeble, being absent in the usual posterior
areas except for occasional sizeable teeth. The mucosa is covered
with low and rather soft fungiform papillae. At the medial junction
of the epibranchials, and ventrally at the medial junction of the
hypobranchials, there are small areas of fine teeth that probably
articulate.
Significance of the Thread Herring as a Soundmaker. The species in
itself seems quite unimportant as a contributor of underwater sound.
There is no evidence of frequent use of sound, and the size of the in
dividual knock is so small that the concerted action of many indi
viduals would be necessary to produce appreciable volume. More
over, the thread herring is not found in great abundance northward
and its range is more limited than that of many of its relatives. Al
though it is an abundant resident species in the West Indian region,
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only small numbers travel as far as Cape Cod between July and mid
September; no large schools are to be expected north of Virginia. Its
maximum length is about 300 mm. Almost nothing is known of its
breeding habits. All but one of our experimental specimens were
males, and the gonads of these were only partially developed in late
July. However, for the first time underwater sound has been recorded
for a member of the herring family. Although it seems unlikely that
these fishes make common use of frequencies within the audible range,
the fact that they are capable of any biological sound production has
interesting implications, both scientific and commercial. If it can be
shown that sound serves as an adjunct to their schooling, then the vast
concentrations of herring-like fishes may be better understood.
Family III.

SYNGNATHIDAE.

3. Hippocampus hudsonius DeKay.

The pipefishes and seahorses.
Northern seahorse.

Fourteen sounds recorded for analysis were loud
Recorded
clicks similar to the snapping of finger against thumb. They were pro
duced singly or in series of two to five at intervals of about one second.
Their frequency distribution extends from below 50 to over 4800 cycles,
with maximum energy usually in the 400-800 cps octave, less often in
the 300-600 and 200-400 bands. Fig. 3 shows the average of two
typical sounds with a single large maximum of 107.81 db in the 400-800
cps band and over-all pressure of 108.93 db above 0.0002 dyne/cm2 at a
distance of six inches from the hydrophone.

Sounds. 4

Stimulation to Sound Production. The only specimen available was
an unusually large northern seahorse (128 mm in total length) which
was held in a laboratory aquarium for 138 days. Spontaneous sound
making, limited to the first two days, seemed to be associated with
strangeness of environment. Although it had been held elsewhere in
captivity for two weeks, the specimen immediately reacted to the
new location with a vigorous snapping that was repeated at intervals
of approximately half to three quarters of an hour throughout the
first day. After the initial burst of five, the snaps were made singly,
doubly, or in a series of four spaced about one second apart. Preced
ing each sound the seahorse cruised the length of the tank one or more
times in its characteristic upright position; it propelled itself by means
of the rapidly vibrating pectorals and rudder-like dorsal fin, at the
4 See Fish (1953b) for a preliminary report of these experiments.
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Figure 3. Average sound spectrum of the northern seahorse, based on octave filter
analyses of two sounds from a series of five produced at one second intervals.

same time curling and straightening its prehensile tail persistently.
Then, after a short period of attachment to a branched twig, during
which there was but little apparent movement of fins and gills, the
sound was made, accompanied by the head motions described below.

r
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After the sound had been made it remained stationary for some minutes
except for a slow and constant turning of the head from side to side.
Similar clicks were induced later by transferring the specimen to colder
water. Raising the temperature over a period of two hours from 65°
to 75 ° F resulted in slowing its activity to a standstill. Sudden re
moval to another tank at 65 ° induced immediate swimming and sound
production.
No sounds were associated with feeding. 5 Living plankton was
available at all times, but the specimen appeared to search for food
along the twigs and in the bottom sediment. No audible sound was
made as it took in and emitted material through its tubular snout.
Nor could animal sound be induced by attempts at annoyance. When
an object approached through the water it merely drew its head down
ward and coiled its tail; even rather vigorous prodding with a glass
rod did not stimulate swimming. Tapping on the glass wall or sudden
motion near the tank were sufficient to cause a quick jerking of body
and subsequent recoiling. Camouflage of its body, which renders it
indistinguishable in such habitats as Sargassum weed, is obviously en
hanced by this tendency to remain motionless in the face of possible
danger.
A sound recording of a southern striped sea robin's clucking was
projected into the aquarium, but our specimen exhibited no visible
reaction. Frequencies in this record ranged from 40 to 800 cycles,
with a principal frequency of 200. The fact that these comparatively
low frequencies evinced no response in a species which itself produces
sounds with principal frequencies in the 400-800 cps octave suggests a
possible relationship between auditory sensitivity and sound produc
tion (see p. 104).
From the observations on this one fish at least, it is inferred that
sound may be used in new surroundings for orientation, perhaps to
find the whereabouts of others of its kind. It is reported that the
specimen, a female, laid eggs in captivity during the previous week,
but this report cannot be verified.
Previous reports of soundmaking among seahorses concern the Euro
pean species Hippocampus brevirostris, in which both sexes allegedly
make a monotonous noise analogous to that of a tambour, especially
during the breeding season (Dufosse, 1874). Since copulation occurs
6 However, in October 1953, loud mechanical clicks which presumably originated
in the jaws were recorded when 14 adult specimens fed on large fly larvae.
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among members of this family, and since the eggs are deposited by the
female in the brood pouch of the male, the theory that a mating call
may be used to bring individuals together seems quite plausible. 6 Gill
(1905) described an incident in which two seahorses held in separate
containers seemed to be conversing with each other. Sharp little
snapping sounds, heard at short and regular intervals from one jar,
were followed by similar sounds from the other. A 1939 radio broad
cast by Koji Uchida in Japan reported a similar exchange of sounds
between two separate seahorses, "as if they were exchanging tele
graphic code" (Fish, 1948).
Mechanisms Involved. All of the sounds recorded in the present ex
periments were made in the same way. The specimen lifted its head
several times from the usual position at right angles to the body in a
motion that resembled "stretching of the neck." Then finally the
head flexed as high as possible until its top was almost in a straight
line with the edge of the back. The coincident snapping sound ap
peared to be stridulatory, and its high frequency corroborated this
theory.
Examination of the dead specimen revealed a loose articulation
between the posterior margin of the skull and the anterior margin of
the coronet, which is a star-shaped, ossified crest mounted in a socket
like base. It has not been determined definitely whether this structure
represents a true skull bone or a modification of a spiny dorsal fin
support. When the seahorse's head was extended moderately, the
articulating bony edges rubbed together, but when it was elevated
more sharply, the coronet overlapped the other bone. Dissection re
vealed adequate musculature to permit such movement in the living
fish. It is suggested, therefore, that the finger-snapping sound is
produced when the skull edge slips forcibly under the coronet, or,
more likely perhaps, when it snaps out. Vibrations thus set up may
be amplified by the air bladder, which occupies nearly the full length
of the body cavity and about one-third to one-half its depth. The
wall of the anterior third or fourth of the bladder is much heavier, and
this portion is separated internally from the rest of the bladder by a
Later observations on the mating of a pair of captive seahorses revealed that
preliminary activity consisted of slow swimming, either together or apart, accom
panied by occasional noisy snapping of the head. Clicks were often produced al
ternately by the two fishes, and during their actual embrace, these sounds were
loud and almost continuous.
6
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vertical septum having a circular opening close to its center. No
pharyngeal teeth are apparent in two available specimens.
Gill has described a snapping in the seahorse that resembles in tone
and strength (without benefit of hydrophone and amplifier) the sound
made by a scarlet prawn, Alpheus ruber Milne-Edwards, and he at
tributes this snapping to muscular closing and sudden expansion of
the lower jaw. We noted rapid movements of the mouthparts coinci
dent with almost imperceptible quivering of the whole body during the
head flexing exercises; however, greater vibratory movement of the
same type at other times produced no sound. Burkenroad (1931)
observed that a related pipefish, Syngnathus louisianae, made a click
quite similar to that of an elaterid beetle when it repeatedly snapped
its head sharply upward.
Significance of the Northern Seahorse as a Soundmaker. This species
is not regarded as important among soundmakers in the North Atlantic
because of its infrequent occurrence. Although it ranges along the
coast from South Carolina to Cape Cod and is known as a stray as far
north as Nova Scotia, the northern seahorse is rarely common. Breder
(1948) reports it "locally abundant but extremely variable in occur
rence from year to year." Our experimental specimen was taken by a
scallop dredge in Wickford Harbor, Rhode Island in about 15 feet of
water on 17 September. In the Chesapeake Bay region some speci
mens have been taken in March at a depth of 150 feet. Many may
be found throughout the year in Sargassum weed which, together
with its inhabitants, is carried great distances by the Gulf Stream.
In inshore waters the northern seahorse frequents eelgrass, subsisting
on a diet of minute crustaceans and various larvae sucked in through
a distensible snout. Its usual length does not exceed 128 mm, although
200 mm has been recorded. If soundmaking proves to be associated
with the breeding season, it may be expected during the late summer
months.
Family IV.

CARANGIDAE.

Jacks.

4. Caranx crysos (Mitchill). Blue runner; hardtail; hard-tailed jack;
yellow mackerel; crevalle
Recorded Sounds. Two types of sound characterize the blue runner
recordings: (1) A low-pitched thump with a frequency spread from
below 20 to over 800 cycles. The average of six such sounds produced
by shocking a 7.75 mm specimen (Fig. 4) indicates that the pressure
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Figure 4. Average sound spectrum of a small blue runner, based on octave filter analyses
of six croaking sounds induced by electric stimulation.

is concentrated in octaves 75-150 cps (characteristic of electric stimula
tion) and particularly in the 150-300 cps band, with little harmonic
content. Over-all pressure is small, 87.78 db above 0.0002 dyne/cm2
at a distance of one foot. More detailed analyses of seven similar
croaks produced by alarm in another specimen (Fig. 5, broken line)
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Figure 5. Spectra of two different sounds induced by alarming a second small blue
runner. The broken line is an average obtained by harmonic wave analyses of seven sounds
similar to those in Fig. 4; the solid line represents typical file-like rasping.

have strong components at 250 and 350 cycles. The peak indicated
at 40 cycles is thought to be of mechanical origin. (2) Loud rasps,
sometimes prolonged, like the scraping of a rough file, with frequencies
between 325 and 1110 and maximum pressure around 500 cycles (Fig.
5, solid line). Many peaks and fairly strong harmonics are typical.
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Stimulation to Sound Production. Thumps were produced consist
tently by 29 specimens when they were electrically stimulated, and
both thumps and shrill grating resulted from alarm. It was noted,
however, that an individual blue runner (150-195 mm long) was
usually silent even under extreme duress; however, when joined by
five or more others, it became noisy at once. Repeated experiments
indicate that sound may be used as a warning, the annoyed specimen
apparently inducing a mass reaction of frenzied swimming and loud
sound production. Similar shrill scraping is usual during capture of
this species.
Mechanisms Involved. Apparently more than one organ functions in
the blue runner's soundmaking. Although vibrations are set up pri
marily by the grating of pharyngeal teeth, considerable reinforceme. t
of sound is made possible by a large air bladder in close proximity to
the teeth. The low-pitched thump recorded during shock indicates
air bladder predominance, no doubt augmented when general body
contraction is induced, but at other times high-pitched rasping in
dicates pharyngeal predominance. Differences in speed and strength
exerted during stridulation of the upper and lower pharyngeals result
in a wide range of frequencies and pressures.
Dorsally there are three paired patches of small cone-shaped pharyn
geal teeth which are larger than the premaxillaries, ventrally a single
pair of triangular patches of similar but slightly smaller teeth. The
thin-walled air bladder not only occupies the entire length of the body
cavity and about one-third its depth but has a pair of caeca continuing
into the caudal peduncle; on the ventral floor of the main portion, a
red gland extends backward for a third to half of its length.
Previous reports (Fish, 1948) have mentioned t'hese organs as the
source of carangid croaking and grunting and the dorsal fins as a source
of clicking. The moonfish, Vomer setapinnis, the bumper, Chloro
scombrus chrysurus, and especially the look-down, Selene vomer, have
emitted almost continuous pig-like grunts when captured. Our recent
experiments with the horse eye jack, Caranx latus, and the palometa,
Trachinotus glaucus, have demonstrated that sound produced by the
pharyngeal teeth plus air bladder is common among various genera of
this family, but we observed no clicking of dorsal fins. Burkenroad
(1931) has shown that the harsh pharyngeal croak of the closely re
lated common jack, Caranx hippos, becomes dryer and fainter when
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the air bladder is deflated, which led him to conclude that this organ
functions as a resonator in a manner similar to that of the haemulids.
Significance of the Blue Runner as a Soundmaker. The 29 experi
mental specimens, 150 to 195 mm, were of the size commonly observed
in northern inshore waters during summer and early fall. Although
they range as far as Cape Cod, rarely to Nova Scotia, the numbers
are seldom sufficient to render the blue runner important among sonic
species. However, from New York southward to Brazil it is more
abundant and of a larger size, reaching at least 500 mm in length and
four pounds in weight. Judging by the amount of noise recorded
from young individuals and by evidence that such sounds occur fre
quently as a mass reaction, the blue runner may be regarded as a
pct,entially important sonic species in the south. Its spawning habits
are unknown.
5. Alectis ciliaris (Bloch). Threadfish; hair fish; cobbler fish
Recorded Sounds. Nine threadfish between 118 and 276 mm pro
duced scratchy bursts and sharp barking sounds in a wide frequency
range between 50 and 4800 cycles. A maximum in the region of
400-800 cps was characteristic of all. Weaker peaks in the 1200-2400
and 2400-4800 cps octaves and considerable energy below 50 cycles
are shown in Fig. 6. The measured over-all pressure is 97.51 db above
0.0002 dyne/cm2 at a distance of two feet from the hydrophone.
Stimulation to Sound Production. Stridulatory bursts, easily in
duced in segregated individuals, seemed to denote alarm. Although
all threadfish in an aquarium showed a tendency to stay together under
normal conditions, soundmaking was not necessarily a group reaction
as noted in the Caranx crysos experiments (p. 30). Upon capture,
they prqduced loud bursts immediately and repeated them whenever
the net was agitated in the water. After regaining freedom, specimens
swam nervously and continued to sound off when startled by new
obstacles.
Mechanisms Involved. The large number of villiform teeth in the
mouth of the threadfish suggests that they are a source of stridulatory
sound. Bands of closely packed teeth line both jaws, the vomer, and
palatines, and they cover almost completely the upper surface of the
tongue. The entire floor of the pharynx, the surfaces of the gill
arches, and the roof of the mouth are covered with fine cone-shaped
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Figure 6. Average sound spectrum of a small threadfish, based on octave filter analyses
of four barking sounds induced by netting.

teeth. On the upper pharyngeals are two patches of larger conical
teeth, those on the sides being recurved and sharper than the medial
ones. Numerous conical teeth appear also in a medial triangular
patch on the lower pharyngeals. Prevalent high frequencies in the
threadfish's rasping indicate that tooth activity is the principal sound
source, but considerable volume in the lower frequencies suggests that
the air bladder participates as well. A thin-walled, semitransparent,
rather loosely attached bladder, which extends the entire length of the
dorsal third of the body cavity, ends in a pair of rather large but short
cone-shaped horns that extend into the caudal peduncle. The open
ings into the horns are not constricted. No internal septa are ap
parent. The red gland lies medially on the anterior half of the bladder
floor.

Significance of the Threadfish as a Soundmaker. Certainly the com
paratively few small specimens that wander northward as far as Cape
Cod between mid-June and mid-November are not important sources

T
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of underwater sound. However, it is possible that these small forms
are the young of another species such as the Cuban jack Hynnis
cubensis, an inhabitant of the waters of the West Indies and Florida
Keys where it reaches a length of three feet (Breder, 1948). Judging
by the facts that the experimental threadfish were fairly noisy for
their size and were easily induced to produce sound, it may be assumed
that large specimens are capable of considerable sonic activity. Re
cently we found that large moonfish, Vomer setapinnis, closely related
to Alectis and Hynnis, were powerful sound producers.
6. Seriola zonata (Mitchill). Banded rudderfish; pilotfish; shark
pilot.

Recorded Sounds. Thirteen specimens, 160 to 240 mm in length,
produced single knocks with a frequency spread of 25 to 1200 cycles.
Frequencies in the 150-300 cps octave predominate, with a second
large harmonic at 300-600 cps. Fig. 7, which represents the average
of five sounds made by a 180 mm banded rudderfish, indicates the
small over-all pressure of 89.32 db above 0.0002 dyne/cm2 within two
feet of the hydrophone. The small 75-150 cps component charac
teristic of electrically stimulated sound is noted. There is a distinc
tive sharp quality to these sounds, quite different from the dull thumps
of serranids and labrids.
Stimulation to Sound Production. Only specimens under 180 mm
were available for extended observation. Under ordinary condi
tions of swimming in captivity, these small fishes were silent and
exhibited a tendency to produce sound only under extreme duress,
occasionally when startled and consistently when shocked. Their
habits of following along together below larger fishes and breaking
formation to grasp small morsels of food scattered by the host were
noted, but no soundmaking was detected during such activity.
Mechanisms Involved. Wave analysis, which shows a low frequency
peak, and the human ear indicate that the air bladder contributes
largely to sound production. However, considerable energy in the
higher frequencies and the suggestion of shrillness in the audible sound
must be the result of pharyngeal or other tooth stridulation. A large
thin-walled air bladder adherent to the body wall originates just above
the pharyngeal teeth and divides at the anus into two short horns.
Its depth is one-fourth to one-third that of the body cavity. In-
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Figure 7. Spectrum of the sharp knocking sound induced by electric stimulation of a
small banded rudderflsh.

ternally, a red gland occupies the anterior third of the ventral floor,
and a thin horizontal septum, its anterior margin concave, divides the
posterior third to half of the bladder cavity into dorsal and ventral
compartments. Posteriorly this septum is sometimes very vascular.
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Pointed and recurved villiform teeth, present in broad bands on
both jaws and along the upper surface of the basibranchials, continue
forward to the tip of the tongue; also, three patches of sharp teeth,
located on the upper pharyngeals, articulate against two long narrow
patches below. Additional teeth, placed anteriorly in the roof of the
mouth, articulate against those on the upper side of the tongue. The
fact that the sounds produced were synchronized with the opening of
the fish's mouth, in which position the pharyngeal teeth scraped in
close proximity to the air bladder, is further indication of this method
of sound production.
Significance of the Banded Rudderfish as a Soundmaker. Judging
from these records, it seems improbable that young specimens are
frequently noisy. However, the presence of a well developed sound
mechanism and its apparent use under conditions of surprise or alarm
warrant the inclusion of at least the larger banded rudderfish in any
list of biological sound sources. Small schools of individuals under two
feet in length are fairly common in shallow water along the southern
New England coast. As far north as Cape Cod, they often accom
pany floating logs, vessels, and larger fish, or linger around buoys.
Between Chesapeake Bay and Brazil, the closely related S. dumerili
and S. lalandi, which may be identical with S. zonata (Hildebrand and
Schroeder, 1928), reach six feet in length and one hundred pounds in
weight. Spontaneous grunts of large S. dumerili were recorded re
cently by us when they were feeding competitively in Bahaman
waters.
Family V.

STROMATEIDAE.

Butterfishes.

7. Poronotus triacanthus (Peck). Butterfish; dollarfish; harvestfish;
skipjack; pumpkinseed
Recorded Sounds. Three specimens, 115 to 185 mm in length,
produced dull thumps that were audible to observers but too faint for
accurate analysis.
Stimulation to Sound Production. Material was not available for
the full routine of experiment, hence our data are limited to a series
of observations with electric stimulation. Thumps were recorded
consistently when specimens were shocked individually and together.
Mechanisms Involved. The butterfish has no air bladder and only
feeble dentition. However, the expansion of the anterior part of the
oesophagus into a muscular sac lined with papillae or tooth-bearing
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plications is an unusual modification. In cross section, the sac appears
to consist of a pair of lateral evaginations with thick walls connected
dorsally and ventrally by sheets of transverse muscle (perhaps a modi
fication of the circular muscle layer of the oesophagus). In the speci
mens examined, the oesophageal teeth are well developed, sharp and
hook-like. The position of the sac between the opercles and pectoral
bases suggests that the sac may contribute to sound production when
it is forcefully compressed by the bellows-action of these skeletal parts.
A convulsive closing of the gills and depressing of the pectoral fins
were observed to be coincident with the sound.

Significance of the Butterfish as a Soundmaker. The small thump
registered by an individual is insignificant; only through the concerted
action of a large group might appreciable sound be expected. Speci
mens up to 11 inches in length swim in large loose schools, by day near
the bottom, at night near the surface. With strong preferences for
sandy bottom and depths of less than 15 fathoms, they frequent shal
low bays and estuaries between Nova Scotia and Cape Hatteras; south
ward to Florida they prefer deeper water. Gordon (1951) has re
ported their occurrence in the New York area at 88 fathoms in early
spring. Schools appear in the Narragansett Bay region in mid-April
and at Woods Hole in mid-May, and from then on they are fairly
numerous until November. Along shore, from Long Island Sound to
Chesapeake Bay, they may be fished until December. Spawning
apparently takes place offshore throughout most of the range between
June and August. Aggregations of adults in shallow water are com
posed of spent fish.
Family VI.

SERRANIDAE.

8. Roccus saxatilis (Walbaum).

Sea basses.
Striped bass; rockfish; rock.

Recorded Sounds. The characteristic sound of the striped bass is a
single deep-pitched thump extending from below 50 to over 800 cycles.
The solid line in Fig. 8, which represents the average of nine spon
taneous sounds made by a 465 mm female with immature gonads,
demonstrates the large 75-150 cps component typical of all recordings
of this species, with high energy extending through the 100-200 and
150-300 cps octave bands. The over-all pressure indicated is 107.56
db above 0.0002 dyne/cm 2 within six feet of the hydrophone. A spent
male, 910 mm in length, produced two spontaneous sounds which are
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averaged in the broken line of Fig. 8, where a definite peak at 150-300
cps is noted. These sounds are similar to the air bladder sounds of
such species as the common sea robin, but they do not exhibit the
higher harmonics of the latter. Over-all pressure reached 110.32 db
at a distance of six feet.
Analyses of noises made by the same specimens as a result of electric
stimulation produced almost identical curves, with maximum energy
in the 75-150 cps band. There seemed to be little difference in sound
production between the sexes. As expected, larger fishes showed
greater over-all pressure.
Stimulation to Sound Production. Eight specimens, ranging in size
from 465 to 910 mm, were kept in captivity between 19 June and 9
August 1951, during which period they were observed repeatedly in
various experimental situations. Spontaneous sound, which occurred
only when the striped bass was startled or extremely annoyed, ac
companied an attempt to swim away from the source of irritation.
At first, the specimen had to be prodded gently but continuously in
order to induce sound; later, it was necessary only to hold the glass
rod quietly under water until the fish had approached within a few
inches, at which point the rod was suddenly moved. Leisurely motion
caused only avoidance, but a violent jerk of the rod resulted in a
sudden turn and rapid retreat in another direction.
Captive specimens swam almost continuously, lurking only oc
casionally in shadowy corners of the tank. All food was refused.
Crowding with other large fishes of various species induced no sound
although it did stimulate increased activity to avoid collision. On
several occasions a large shark sucker, Echeneis naucrates, attached
itself to a striped bass in such a way that it held the bass securely up
side down. The hydrophone picked up no sound while it remained
thus; however, when the shark sucker was forcibly removed, the
striped bass emitted a burst of one comparatively strong thump and
two or more weaker ones as it righted itself and swam away. The
striped bass, subjected to electric stimulation, made a sound similar
to that recorded when it was annoyed. Although all experimental
specimens were adult, the immaturity of the gonads precludes any
determination of the soundmaking-breeding season relationship.
Mechanisms Involved. The exact method of sound production by
the striped bass is uncertain, but it seems probable that violent striking
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Figure 8. Spectra of spontaneous sounds produced by two striped bass, showing little
variation as a result of sex or size.

of the gill cover against the body in a region close to the rather special
ized air bladder is sufficient to set up audible vibrations. Although
the recorded sounds do not indicate stridulation, large toothed areas
on the base of the tongue and pharynx undoubtedly scrape together
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when the mouth opens wide and may help to initiate vibrations. Two
dorsal pharyngeal patches of pointed, recurved teeth extend on to the
gill arches and presumably these articulate with two long ventral pha
ryngeal patches. Both upper and lower pharyngeal teeth are about
the same size as the teeth on the premaxillae. The entire floor of the
pharynx as well as the arches between the internal gill slits are covered
with fine teeth. The air bladder, which originates immediately be
hind this rough area, extends to the anus; it is embraced for its entire
length and is adherent to the vertebral column. The red gland oc
cupies the anterior third of the ventral floor. Internally, in the an
terior quarter of the air bladder, four vertical septa protrude into the
lumen and thus divide each side into four lateral pockets or recesses.
Embedded in the free edge of each septum is a heavy cord-like liga
ment. The pockets on the right and left vary in depth and size of
septa and are therefore not symmetrical. Also, a horizontal septum
with a concave free edge divides the posterior third of the bladder
into two chambers, dorsal and ventral, the latter chamber being some
what larger than the former. No associated musculature, either
intrinsic or extrinsic, is apparent, but general body contraction may
compress this extensively compartmented air bladder so as to create
vibrations that would be intensified by the various membranous
partitions. During electric stimulation, each specimen gaped and
closed its opercula simultaneously as it produced the sound. In other
observed cases, sound was synchronized with the specimen's reaction
when it was startled or mildly annoyed; in both instances the fish
turned suddenly and swam away. Similar activity under other
stimulation was accompanied by complete silence, which seems to be
evidence in support of purposeful soundmaking. Only once was a
free thump recorded during the slow and apparently normal swimming
of a large specimen.

Significance of the Striped Bass as a Soundmaker. Evidence to date,
based solely on specimens which were taken in the summer and which
weighed less than five pounds, indicates that the sound is too small
and too infrequent to brand R. saxatilis as a prominent soundmaker.
However, further observations on larger fish and at other seasons of
the year may alter this opinion. The species is noted for attaining
great size.
The noise of the striped bass, such as it is, may be expected in a
narrow coastal zone along the Atlantic seaboard from the St. Lawrence
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River in the north to the St. Johns River in northern Florida and in
the rivers of the northern Gulf of Mexico. It seldom strays far off
shore. Its center of abundance extends from Cape Cod to northern
North Carolina. Its chief habitat is the weedy bottom of shallow
estuaries, but larger specimens often frequent the surf of sandy beaches
or rocky headlands and some run far upstream into completely fresh
water. If later data should establish the fact that sound production
is associated with the breeding season, then increased noise would be
expected in spawning areas in late spring or early summer according
to latitude. Striped bass congregate at river mouths at this time and
spawn in brackish or fresh water, never in the open sea.
9. Centropristes striatus (Linnaeus). Black sea bass; blackfish
Recorded Sounds. The sound produced by the black sea bass is a
small single thump of low amplitude with the distinctive hollow tone
characteristic of most sounds of air bladder origin. The range of its
sound extends between 25 and 1200 cycles, with maximum energy
always at about 225. Fig. 9 shows the average of three sounds made
by a 236 mm individual when slightly disturbed. A low frequency
peak at 150-300 cps octave predominates (101.34 db), with little
harmonic content. Over-all pressure is 99.75 db above 0.0002 dyne/cm2
at a distance of two feet from the hydrophone. There is a striking
resemblance in the octave analyses of the striped bass and the black
sea bass (cf. Figs. 8 and 9). As expected because of the disparity in
size, the principal difference is in the pressure recorded.
Fig. 10 represents an harmonic wave analysis of the average of
eight sounds made by another small specimen as a result of electric
stimulation. The same general pattern is evident in this more de
tailed study, with the principal maximum at 225 and considerable
energy manifested to over 400 cycles. Approximately equal secondary
peaks at 150, 300, and 400 cps have 60% of the pressure of the 225
maximum.
Stimulation to Sound Production. Twenty-two specimens ranging
between 212 and 265 mm were used for experimentation. These small
fishes acclimated quickly and lived for extended periods in laboratory
and bay enclosures. As in the case of the related striped bass, the
black sea bass sounded off spontaneously as it swam away from the
sudden motion of a glass rod held in its path. Electric stimulation
induced a similar sound.
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Figure 9. Spectrum of the spontaneous thumping sounds of the black sea bass, based on
three octave filter analyses.

No sound was associated with the following situations: (I) intro
duction into new surroundings, (2) normal activity within the test
area, (3) swimming, (4) normal or competitive feeding, or (5) crowd
ing. Black sea bass were normally wary of strangers that were added
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to their tank and swam away from any disturbance in the water. One
incident akin to play occurred when a black sea bass, considerably
smaller than its tank-mates, presumably annoyed three common sea
robins over a period of two hours by repeatedly prodding them with
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its snout. The sea bass approached quite rapidly until it hit against
the sea robin's side, and the latter, when nudged thus, would react
with a burst of grunting and would usually swim away. No attempt
at biting could be detected and no sound from the black sea bass could
be picked up.
Mechanisms Involved. Dissected specimens show a large elliptical
air bladder that occupies about three-quarters of the body cavity; it
is loosely adherent to the body wall and extends from a firm attach
ment dorsal to the pharyngeals obliquely downward to the anus. The
interior of the bladder, which is smooth and single chambered, has a
small but rather thick elliptical gas gland on the ventral surface of the
second quarter. Pharyngeal teeth consist of three paired patches of
small, sharp, slightly recurved teeth above and a paired patch of
similar but somewhat smaller teeth below. The latter are V-shaped,
with the point of the V directed forward. As in the case of the striped
bass, there are no associated muscles that may be used in sound pro
duction. Hence, the theory is advanced that audible vibrations
(which have the quality of air bladder sounds) may be set up by the
violent striking of the opercula against the body in a region close to
the air bladder. It seems significant that the air bladder originates
far forward so that stridulation of the well developed pharyngeal teeth
can be communicated. With electric stimulation, further evidence
of possible pharyngeal participation was observed when the convulsive
gape of the mouth coincided with the "drum beat" of the opercula.
Fast swimming and rapid turning were noiseless. The fact that
sound was produced only when the specimen was startled suggests
purposeful soundmaking.
Significance of the Black Sea Bass as a Soundmaker. The infrequent
and small sound made by young black sea bass is unimportant except
in so far as it indicates the ability of the species to produce sound.
Since the fish grows to a length of at least 600 mm and a weight of
over six pounds and since it occurs in considerable abundance over
much of the Atlantic coast, its possible role as a soundmaker should
be considered.
Although the black sea bass may frequent waters fairly close to the
bottom in depths up to 40 fathoms, it is usually found around wharf
pilings and wrecks or over rock, coral or mussel beds in two to three
fathoms. In the region of Cape Cod, the northernmost part of its
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usual range (rarely to Maine), it is common from mid-May to Octo
ber; southward the season lengthens. Although its range extends
southward as far as northern Florida, its chief grounds are off the coasts
of North Carolina, Delaware, New Jersey and western Long Island.
If it is found that spawning stimulates soundmaking among the larger
fish, then such sounds would be expected in its spawning areas be
tween May and July, depending on latitude.
Family VIL

SPARIDAE.

Porgies or Sea Breams.

10. Stenotomus chrysops (Linnaeus).

Northern scup; porgy.

Recorded Sounds. Single guttural thumps or grunts spread between
20 and 1400 cycles, with principal frequencies in the vicinity of 200,
were produced by an immature 200 mm male. Fig. 11, with a curve
typical of the type of sound induced by electric shock, exhibits a con
siderable 75-150 cps component, maximum energy at 150-300, and
a fairly large second harmonic in the 400-800 cps octave. The over
all pressure is 107.31 db above 0.0002 dyne/cm2 at a distance of two
feet. Under different stimulation the same fish makes a stridulatory
scraping or rasping sound, with a range of 350 to 1150 cycles and with
the principal peak at 700. Loud toothy noises attributable to the
northern scup are commonly picked up by the hydrophone.
Stimulation to Sound Production. On many occasions during com
petitive feeding, we observed a low guttural grunt identical with the
single deep thump induced by electric shock. Under similar circum
stances the fish produces a high frequency rasping as if to frighten
competitors away. Mechanical noises incident to feeding are frequent.
Rarely an acclimated specimen will emit a short burst when it is
dropped into a new tank; however, under normal conditions of swim
ming and lone feeding, no biological sound is audible. Captive speci
mens remained silent through experimental aggravation (crowding,
prodding, and rough handling) which was sufficient to induce sound
from sea robins in the same tank. Seventy-five northern scup were
used in these experiments.
Mechanisms Involved. The grunt of the northern scup is produced
by both sexes by means of a simple thin-walled air bladder that ex
tends from behind the eye to a short distance past the anus. At its
anterior dorsolateral extremity there is a pair of tube-like horns of
even diameter. Unlike other species in which such horns extend
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Figure 11. Spectrum of the guttural thumping sound produced by the northern scup
under various stimuli.

forward and couple closely with the auditory organs, these fold back
ward and lie embedded in muscle just outside the ribs. Posteriorly
the air bladder ends in a small, transparent, thin-walled pouch that
fits snugly into a specially hollowed anterior grove on the first inter
haemal bone. Two paired patches of numerous long, sharp and
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slightly curved teeth on the dorsal pharyngeals articulate with a
triangular ventral patch of similar but somewhat smaller teeth. Also,
the last two hypobranchials have one or more rows of small pointed
teeth. Although such well developed patches of teeth in close prox
imity to the air bladder may contribute to the rasping sound, observed
stridulation by the upper and lower incisors is responsible for most
of the scraping and grating. At the apex of the premaxillae there
are four rather large cone-shaped incisor teeth with blunted tips.
Directly behind these there is a patch of similarly shaped small teeth
that tapers off along the upper jaw and blends into two rows of molar
teeth that extend posteriorly to the angle of the mouth. The molars are
short and have large, flattened top surfaces; those of the inner row
are larger and increase in size posteriorly while those of the outer row
are smaller and decrease posteriorly. In the lower jaw the large
incisors at the apex are twice as numerous though somewhat smaller
than those of the upper jaw. Although the mouth is small, these
strongly toothed jaws are capable of producing much extrinsic noise.

Significance of the Northern Scup as a Soundmaker. Although pres
sures reached 108.61 db when a 240 mm female grunted within a foot
of the hydrophone, there is no evidence that this type of sound is
frequently used. Intensive scanning over northern scup grounds in
Narragansett Bay has indicated that most noise is of mechanical origin.
Above mussel beds in aquaria or when invertebrate food is offered, a
constant and loud noise from the crunching and dragging of shells,
etc. is heard. In view of the fact that northern scup reach a maximum
length of over 450 mm and a weight of four pounds and since they
sometimes congregate in large schools, this type of noise may reach
considerable proportions. However, the known habits of the species
prove useful in anticipating the occurrence of its sound. Common
from South Carolina to Cape Cod at temperatures above 50 ° F, large
fish are limited for the most part to a narrow coastal zone in depths
from 2 to 20 fathoms, rarely to 25 fathoms. Although smaller speci
mens occur abundantly in a few feet of water, the results of frequent
listening over such schools have been negative. Moreover, adults
can be counted upon to cease feeding during the breeding season,
which reaches its height in late May and June northward from Chesa
peake Bay.
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Figure 12. Spectrum of the spontaneous croaking of a male gray squeteague before
spawning, based on harmonic wave analyses of 20 sounds.

Family VIII.

SCIAENIDAE.

Croakers and Weakfishes.

11. Cynoscion regalis (Bloch and Schneider).
fish; sea trout; gray trout.

Gray squeteague; weak

Recorded Sounds. Two kinds of sound were made by 10 gray
squeteague which ranged between 235 and 560 mm in length: (1)
deep croaks like drum beats, spread between 20 and .1200 cycles, with
principal frequencies between 50 and 100 cycles for the larger speci
mens and in the region of 250 cycles for the smaller ones; and (2) some
times bursts of higher pitched clucking between 100 and 550 cycles,
with maximum energy at about 325 cycles. Fig. 12 represents the
average of 20 spontaneous croaks produced by a 352 mm male whose
gonads were almost fully matured. Predominant frequencies are 225,
175 and 275, each with an evident second harmonic.
Fig. 13 gives the octave wave analysis of a natural croak made by a
somewhat larger male (440 mm) after spawning. High amplitude in
the 50-100 cps octave and a small harmonic at 150-300 cps with little
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Figure 13. Spectrum of the spontaneous sound of a larger gray squeteague after spawning,
based on octave filter analysis.

higher components are shown consistently in the recordings of this
specimen. The maximum over-all pressure measures 109.69 db above
0.0002 dyne/cm2 at a distance of two feet. It is of interest to note that
two months later, when the same fish was badly mutilated and near
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death, the average of five sounds induced by shock produced a curve
practically identical with that of the spontaneous croak at the be
ginning of its confinement.
Stimulation to Sound Production. By its frequent and easily induced
clucks, the gray squeteague proves to be typical of a family that is
noted for having members that croak, drum, whistle, hum, hiss and
purr. During July, when gonads were ripening, males croaked freely
with little stimulation. When pursued, these specimens produced
bursts of loud croaking, and after capture they repeated the sounds
with every movement of the containing net. Transfer to another
aquarium was accompanied by continuous clucking. An accidental
collision with a tank-mate was sufficient to evoke a single loud croak;
sometimes this was followed by a burst of clucking. The female,
however, produced sound on only one occasion, when a striped bass
jostled her out of hiding in a corner. A single low cluck coincided
with her quick turn to escape, after which a short series of sounds
followed in a higher pitch.
One 475 mm male, held in a 12' x 12' x 12' cage anchored in the Bay
from 16 July to 7 September, was frequently monitored throughout
24 hour periods. A typical July record showed that spontaneous
soundmaking was almost negative during the middle of the day and
only minor between 1730 and 2030 (twilight); thereafter no sounds
were produced until about 0530 (daybreak), when activity increased to
a peak between 0700 and 0900 and then fell off to nothing again at
1100. This diurnal pattern matches that of the croaker, Micropogon
undulatus, in Chesapeake Bay where soundmaking reaches its height
in early morning and at sunset. An incoming tide usually stimulated
the gray squeteague to more active swimming, but we noted no as
sociation of tidal conditions with sound; nor was there any bio
logical sound recorded when it fed on the schools of silversides and
mummichogs that crossed its cage. The introduction of 30 large
toadfish into the tank made the gray squeteague swim rapidly and
almost wildly near the surface, but throughout this activity it main
tained silence. As soon as the toadfish had congregated on the muddy
bottom, it resumed normal activity. Similar results were obtained
when a small dogfish and a shark sucker were added to an indoor tank
containing two gray squeteague. Although the latter showed no
active fear, they remained in motion on the bottom and were silent
while the newcomers remained near the surface. However, immedi-
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ately after these strangers were removed, the gray squeteague emitted
a number of low, drum-like beats. Electric stimulation of the males,
even if the shock was light, always succeeded in inducing a jump and
an accompanying sound that was often followed by a loud burst of
clucking. No females were electrically stimulated.
Mechanisms Involved. Although both sexes have pharyngeal teeth
and a large air bladder, only the male is equipped with specially de
veloped drumming muscles, which fact accounts for the difference in
soundmaking in the two sexes. The paired musculi sonifici of the
male are located between the peritoneum and the abdominal muscles;
each terminates in an aponeurosis only a short distance from either
end of the body cavity. Dorsally the left and right muscles are con
nected by a strong aponeurosis, and ventrally each is attached to a
narrow aponeurosis which in turn is anchored to the underlying mid
line tissue. When these rather thick sheets of muscle fibers, which
run at right angles to the long axis of the abdomen, contract simul
taneously they squeeze the air bladder; thus a single deep croak is
produced; or, if they are contracted and expanded at a rate of about
24 times per second, they then set up rapidly repeated vibrations of
abdominal organs and air bladder to produce clucking bursts. Char
acteristically the carrot-shaped air bladder tapers posteriorly from its
middle to a slender attachment near the anus; anteriorly it is divided
into three short horns, the center one being rounded and attached
firmly by its fibrous tunic to the ventrolateral (haemal) processes of
the second, third and fourth vertebrae (just behind the skull). Slot
like openings into the two lateral horns and into the attenuated pos
terior caecum must alter the flow of gases when the air bladder is com
pressed; pressure conditions and resultant sound production must be
influenced, for it seems probable that sound is intensified by the vi
bratory movement of gases across the free edges of caecal openings.
The air bladder itself consists of a tough, silvery, fascia-like membrane
that is reinforced internally by four heavy longitudinal folds.
Well developed pharyngeal patches, located both above and below
at the air bladder insertion, consist of many strong recurved canines.
Stridulation of these teeth, in close proximity to the air bladder, are
sufficient to account for the bursts of higher pitched clucking observed
in both sexes.
Significance of the Gray Squeteague as a Soundmaker. At present
there is no evidence of mass sound production in this species, as is
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the case in the more southerly croakers, where both sexes are provided
with drumming muscles. Nevertheless it seems probable that the
less developed drumming ability of the male squeteague may be useful
during the breeding season. Experiments indicate that specimens
approaching the spawning condition are more easily stimulated than
spent individuals. Their soundmaking in local waters will neces
sarily be less evident, since they concentrate less than species like Mi
cropogon and spawn for the most part at sea. Some nocturnal spawn
ing may be expected in the larger bays and sounds at depths of three
to five fathoms between early May and September, especially from
mid-May to mid-June. The larger schools which frequent the sandy
shoreline from New York to North Carolina, both near the surface
and near the bottom, are most abundant after the breeding season,
i.e., in late summer and fall.
Even though conclusive data on the breeding behavior of the gray
squeteague are lacking, the fact that it occurs from Massachusetts to
Florida and is capable of considerable biological sound under other
stimulation places it among the important sonic potentials of our
coast. Noise of mechanical origin must also be looked for as a result
of the heavy pavement-like teeth and powerful jaws that crush shelled
invertebrates.
12. Menticirrhus saxatilis (Bloch and Schneider).
whiting; minkfish; whiting; sea mullet.

Kingfish; king

Recorded Sounds. A short faint rasp was the only natural sound
recorded during routine experimentation with five kingfish. Fig. 14,
representing a typical sound made by a 270 mm female, exhibits wide
frequency distribution between 175 and 1475 cycles and a strong
maximum at 250.
Stimulation to Sound Production. Rasping was induced by gentle
prodding with a glass rod. Unfortunately the few specimens available
were in poor condition following capture; they refused food, showed
little interest in their tank-mates, and failed to survive long enough
for acclimation.
Mechanisms Involved. Unlike other members of the family, the
kingfish has no air bladder, hence it cannot exhibit the drumming
characteristic of other related species. The kingfish sound, entirely
stridulatory, originates in the pharynx. Although the lower pharyn-
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Figure 14. Spectrum of a spontaneous rasping sound produced by the kingfish, based on
harmonic wave analysis.

geals are notably larger than those of most sciaenids and are armed
with heavier and less acute teeth, the sound of their scraping remains
weak without amplification from an air bladder. Spread abundantly
over the floor of the mouth are cone-shaped teeth, rather small but
long for the most part and arranged in a V-formation posteriorly.
On the upper pharyngeals are two anterior patches of short conical
teeth that hardly penetrate the mucosa, and two posterior patches of
numerous and large similarly shaped teeth.
Significance of the Kingfish as a Soundmaker. All specimens were
females, and when the experiments were conducted in mid-June the
gonads were well developed. Unlike other sciaenids, sound produc
tion is presumably not associated with the breeding season (June
until August in bays and sounds of the middle Atlantic coast). Al
though kingfish are fairly common from Long Island south to Texas,
where they run in schools close to hard or sandy bottom, only solitary
specimens are taken between May and November along the sandy
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shores from Long Island Sound eastward to Cape Cod. Frequently
individuals enter river mouths but none are known to inhabit offshore
banks.
Although no data are available, mechanical noise incident to feeding
may be expected from the kingfish, since the chief diet consists of
shrimps, crabs, certain other crustaceans, and small mollusks.
Family IX.

LABRIDAE. Wrasses or Lipped Fishes.

13. Tautogolabrus adspersus (Walbaum).

Gunner; chogset; sea perch.

Recorded Sounds. "Pups" or low frequency knocks, singly pro
duced, with the hollow tone characteristic of other air bladder sounds,
are made by the cunner. Their frequency range is from 25 to 800
cps, with one large maximum in the vicinity of 225. Fig. 15, the
average of 10 sounds made by a 183 mm specimen, shows the pre
dominant low frequency, 150-300 cps, with very little harmonic
content; the over-all pressure is 106.6 db above 0.0002 dyne/cm2 within
two feet of the hydrophone.
Stimulation to Sound Production. The sounds analyzed were pro
duced by electrically stimulated males and females. Seven small
cunners (up to 185 mm) were frequently tested in the laboratory.
All responded to shock with almost identical "pups," but no further
biological sound was recorded in the laboratory. However, mechan
ical noise was often picked up over rocky bottoms in the Bay or along
stone breakwalls where cunners were abundant. If biological sound
occurred during their sometimes frantic competitive feeding, it was
lost amid the general noisy background.
Mechanisms Involved. The small size of the experimental specimens
made it difficult to see how much reaction occurred in the opercular
region during electric stimulation, but no particular "drumming"
motion was noted. In all cases, however, the sound was coincident
with a sudden muscular twinge and vibratory shudder that was visible
throughout the length of the body. It is suggested that this violent
general contraction of skeletal muscles may be sufficient to bring forth
sound from the bladder in a manner discussed for the tautog (p. 58).
The cunner air bladder is large, occupies about two-thirds of the body
cavity, is firmly attached to vertebrae and ribs, and is obviously
capable of being squeezed by adjacent bones and organs. A thin
transparent vertical septum, perforated by a circular aperture just
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Spectrum of a typicalccunner sound, based on the average of 10 octave filter

ventral to its center, divides the bladder lumen into anterior and pos
terior compartments.
The pharyngeals are supplied with one small ventral triangular
patch of moderately sized blunt teeth which articulates with two small
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dorsal patches. Rows of conical teeth, the outer ones quite stout,
enable the cunner to bite off and pick at barnacles, crabs, shrimps,
young lobsters and small mollusks. Together, the grinding pharyn
geals and tearing jaw teeth are responsible for mechanical noise ob
served in the field.
Significance of the Gunner as a Soundmaker. Because its knock is
very small, any cunner under 200 mm is considered inconsequential
among producers of biological sound. Large individuals of 400 mm
in length and 2½ pounds in weight are undoubtedly capable of greater
volume, but most of the local specimens are under 250 mm. How
ever, constant accidental noise production may have "nuisance value"
to sensitive listening gear in depths of 2 to 35 fathoms over a wide
area. The species, a permanent resident, is exceedingly common along
the Atlantic coast from the Gulf of St. Lawrence to New Jersey; south
ward it is less abundant to the mouth of Chesapeake Bay. It may
run up into the deeper salt creeks, but it shuns brackish water. Great
concentrations are found close to the bottom where conditions are
favorable, but no evidence of schooling is reported even during the
summer spawning period.
14. Tautoga onitis (Linnaeus).

Tautog; blackfish

Recorded Sounds. Deep thumps of the tautog, singly produced, are
similar but stronger than the cunner sounds. The sound from the
largest specimens suggests a bark or grunt. Although the frequency
spread, 25 to 900 cycles, is identical with that of the closely related
labrid, the principal frequencies in most cases are considerably lower,
due no doubt to the larger size of the tautogs used in our experiments.
Fig. 16, the average of nine sounds made by a 570 mm specimen, shows
the lower pitched but louder sound. Following the predominant
75-150 cps maximum, a small second harmonic at 150--300 is indicated,
and the over-all pressure is 107.88 db above 0.0002 dyne/cm2 within
two feet of the hydrophone.
Fig. 17 shows the harmonic wave analysis of two slightly different
types of sound made by a 440 mm tautog. As indicated by the solid
line (average of six sounds of type 1), a sudden sharp peak occurs at
100 cps with a strong second harmonic at 200. The broken line
(average of seven sounds of type 2) originates similarly at 75 cps and
concludes near 500, but the rise is more gradual through a first small
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Figure 16. Spectrum of the barking sound of a large tautog, based on the average of nine
octave filter analyses.

peak at 150 to a large maximum at 200 cps. Second harmonics are
noted for both peaks, at 300 and 400 respectively.
Stimulation to Sound Production. Only the sounds induced by
electric stimulation were available for analysis. Although seven tau-
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Figure 17. Spectra of two slightly different types of sound produced by a smaller tautog,
The solid line is based on the average of harmonic wave analyses of nine electrically stimu
lated sounds; the broken line, on the average of seven sounds similarly induced.

togs between 400 and 600 mm were subjected to routine experimenta
tion, biological sound under ordinary circumstances was not observed.
A few times when the specimens were startled or when they were com
petitively feeding, similar deep barks were noted by observers, but in
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the recordings these sounds were too obscured by background noise for
authentication. Captive specimens, nongregarious, retreated nerv
ously and silently to dark corners when disturbed. As with the
cunner, the tautog contributed considerable noise because of its habit
of crushing shells and dragging them along the bottom.
Mechanisms Involved. The air bladder is believed to be responsible
for the recorded biological sounds, its vibrations resulting for the
most part from convulsive muscular contraction induced by shock.
As the thump was produced each specimen made a spontaneous jump,
closing both mouth and opercula forcefully. Dissection of the abdom
inal cavity shows that a large air bladder fills the dome-shaped cavity
below the vertebral column; it is embraced by 10 to 12 ribs which ex
tend about halfway down on either side. Internally this organ is
divided into two chambers by a thin transparent membrane with a
central opening. The anterior chamber, about twice the size of the
posterior one, has two shallow pockets that occupy two anterior
hemispherical horns on the bladder. In some specimens a series of
shallow dorsolateral pockets may occur also where the bladder pro
trudes between the ribs. The red gland is located well forward on the
floor of the anterior chamber.
Although the skeletal bones and bladder are closely adjacent, the
connective tissue attachment between them is loose enough to allow
slight striking or possible rubbing of the ribs against the bladder mem
brane. In the case of violent contraction of the skeletal muscles, it
appears that the ribs must be drawn in against the bladder to create
a change of tension in its membrane. Doubtless the violent contrac
tions of other organs, particularly the drum-beating motion of the
opercula, contribute to the setting up of air bladder vibrations. Al
though the granular pharyngeal teeth are well developed, their use as
an instigator of air bladder vibrations is restricted by the fact that
they are not adjacent to the bladder as is the case in many other spe
cies. In a large tautog, 520 mm in total length, the air bladder
(measuring 102 mm in length by 70 mm in diameter) had its point of
origin about 60 mm behind the pharyngeal patches.
Significance of the Tautog as a Soundmaker. Although there is no
evidence that biological soundmaking is commonly practiced by this
species, relatively small tautog can produce loud grunts when properly
stimulated, and it can be assumed that large ones, which sometimes

1954]

Fish: Character and Significance of Sound Production

59

reach a length of over 915 mm and a weight of 22 or more pounds,
produce even more sound. Thus it can be classified as a potential
soundmaker.
As in the case of the cunner, its principal role as noisemaker is as
sumed during feeding; such sound may be exhibited anywhere between
New Brunswick and South Carolina in less than 10 fathoms from
spring until fall. During the colder months, between September or
October and April, tautog remain in a torpid state farther offshore,
among eelgrass, in the crevices of rocks, or in sand. However, oc
casionally specimens are taken during the winter in Rhode Island
waters with hook and line or in lobster pots. Its chief center of
abundance lies between Cape Cod and the Delaware Capes. Spawn
ing occurs in early summer, presumably in the outer and deeper parts
of open bays, for tautog are absent further inshore during this period.
Family X.

EPHIPPIDAE.

Spadefishes.

15. Chaetodipterus Jaber (Broussonet). Spadefish; moonfish; angel
fish
Recorded Sounds. The spadefish produces a faint, low-pitched,
drum-like beat which occurs either singly or in a short burst. Fig. 18,
representing the average of 10 individual sounds, indicates a frequency
range from 0-50 to 600--1200 cps octaves. There is little variation
between individual sounds; a strong maximum at 75-150 cps occurs
in all. The over-all pressure determined in Fig. 18 is 106.98 db above
0.0002 dyne/cm2 at a distance of approximately one foot from the
hydrophone.
Stimulation to Sound Production. A 395 mm specimen, taken in a
trap near Pt. Judith, Rhode Island on 27 June 1951, was kept under
observation in a large laboratory tank until 10 August. Acclimation
was immediate, and taming was so complete that difficulty was en
countered in making the specimen sound off. Spontaneous drumming
occurred only rarely when there was some competition for food or
when the fish was startled. In both situations the sound was ac
companied by rapid movement. The characteristic "hollow beat,"
synchronized with convulsive opening and closing of the mouth, was
induced also by electric shock.
No noise occurred during the spadefish's normal activity. It swam
almost constantly, often rapidly but silently. The fish had an in
satiable appetite and followed the experimenters back and forth as
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Figure 18. Spectrum of the typical drumming sound of a spadefish, based on the average
of 10 individual beats.

they walked beside the 12 foot sunken concrete tank. While thus
engaged, it habitually rolled on one side so that one eye was just below
the surface of the water, and it snapped at anything dropped from
above. Crowding of the tank with a number of northern scup, sea
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robins, puffers, black sea bass, burrfish, striped bass, tautog and gray
squeteague, some larger than itself, did not appear to disturb it or
impare its appetite. Usually it was successful in grabbing the food
first, but occasionally, when another fish managed to get in ahead, the
spadefish emitted a distinct drumming sound as it darted in pursuit.
The same sort of noise occurred when an object was moved suddenly
across its path and made it change its course. When electrodes were
installed in a small enclosure, the spadefish responded to every shock
with a single low sound, a wide gape, and increasingly rapid swimming.

Mechanisms Involved. The spadefish sound suggests air bladder
origin, and this has been substantiated by dissection. The species
has a tremendous sac that extends almost the full length of the body.
Although it has no internal partitions, anteriorly it terminates in two
short horns that reach to the base of the skull and posteriorly it ends
in two tubes whose insertion lies well behind the abdominal cavity.
Entrances to the anterior horns are somewhat constricted but without
free edges while those to the posterior horns are not even constricted.
In the specimen examined (standard length 325 mm), the air bladder
measures 211 mm in situ. The thin wall of its midsection is almost
transparent. While the air bladder in the West Indian specimens
examined is only loosely attached to the dorsal body wall, the air
bladder in this spadefish is quite firmly fixed. A dark red muscle,
flat and compact, lies on the underside of the bladder just behind the
midline and extends a short distance up each side and out on the two
tubular branches. When this muscle patch contracts, tension of the
membrane is altered, the enclosed gas is set in vibration, and sound
results. Burkenroad (1931) observed such muscle vibrartion while the
drumming sound was produced; when the bladder was cut open the
sound ceased even though the muscle continued to vibrate. It would
seem that sound may be produced involuntarily by a sudden con
vulsive movement of the body, but it is pointed out that such activity
neither necessarily nor usually produces sound.
The articulation of the pharyngeal teeth in close proximity to the
anterior air bladder horns probably contributes to the spadefish's
sound. These teeth, numerous, long, narrow, sharp and recurved,
form three or four indistinct rows along each side of the pharyngeal
floor and a large patch on either side of the midline above. A few of
Burkenroad's Louisiana specimens were reported to produce a grating
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croak by scraping the upper and lower pharyngeal teeth together,
but this sound does not appear in the present recordings.
Significance of the Spadefish as a Soundmaker. The extreme de
velopment of the spadefish's air bladder, with its special muscular ap
paratus for producing vibrations, suggests that the species may be
much noisier than present records indicate, probably under circum
stances not yet investigated. Its maximum recorded size is about 915
mm and about 20 pounds. If the amplitude of sound increases with
size, then these large specimens are potentially important soundmakers.
The spadefish occurs from Cape Cod to Rio de Janeiro and has been
introduced into Bermuda waters. Though rare north of Chesapeake
Bay, it is a common member of the fauna of the South Atlantic and
West Indian regions, where it frequents wrecks, pilings and rock
masses. Its gluttony and penchant for crustaceans may result in con
siderable noise in such locations, for our laboratory specimen scraped
and knocked shells against the bottom with some force in an effort to
get at the meat within. If it is found that sound production is as
sociated with spawning, the critical season will be summer in the
Chesapeake area, where spadefish occur between May and October.
Family XI.

BALISTIDAE.

Triggerfishes.

16. Balistes carolinensis Gmelin. Common triggerfish.
Recorded Sound. Single scratchy clicks, sometimes sustained so as
to resemble the tearing of canvas cloth, are produced by this species.
The average of three such sounds, analyzed in Fig. 19, exhibits a wide
range of frequencies-predominant in the 2400-4800 cps octaves, with
components above 4800 cycles. The large low frequency response in
this record may be mechanical, but the fairly high 75-150 cps ampli
tude, with harmonics at 150-300 and 600-1200 cycles, is quite char
acteristic. A maximum over-all pressure of 100.35 db above 0.002
dyne/cm2 within two feet is reached. Short series of grunts as well as
toothy scraping are further types of biological sound observed during
routine experimentation. Considerable mechanical scratching in
cident to feeding activity was also noted.
Stimulation to Sound Production. During capture, the single speci
men available for study, 335 mm in length, produced small grunts as
well as a fairly loud hissing or spitting sound both in the air and under
water. Later attempts at inducing these noises by alarm or duress
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Figure 19. Spectrum of the sound of a common triggerfish, based on the average of three
consecutive clicks. These sounds occur singly or as a sustained hiss.

in the laboratory were unsuccessful. The type of metallic click con
sistently induced by electric shock (see Fig. 19) was made sponta
neously by startled specimens in later experiments at Bermuda.

Mechanisms Involved. Soundmaking in this species is accomplished
in several ways. Tooth stridulation, responsible for the scratchy
click, is accompanied by rapid movements of the mouth; by such action
the front incisors as well as the cardiform pharyngeals scrape together
and pass along vibrations to the adjacent air bladder. In the lower
jaw on each side this species has a row of four specialized teeth, each
tooth being progressively smaller posteriorly: each of the first three
is concave, has a sharp posterior slant, and has a convex outer-anterior
margin which is higher than the inner; the fourth tooth on either side
has a knife-like edge parallel to the axis of the jaw. In the upper
jaw there are two rows on each side: (1) an outer row of teeth similar
in number and general shape to the lower ones but thinner and forming
a continuous knife-like edge; (2) an inner row of three shorter and
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broader teeth that butt against the outer row, thus forming a larger
but similar crown to that of the lower tooth surface.
The predominant high frequency of the recorded sound indicates
that the sound originates in this stridulatory apparatus, but the char
acteristic 75-150 cycle component suggests air bladder participation.
Like the teeth, the air bladder of this species is peculiarly modified.
It fills the anterior third of the body cavity and is attached dorsally
to the back of the skull, supracleithrum, and vertebral column; a lobe
of the liver separates its left side from the body wall. The main
bulbous portion, comprising more than the posterior half of the bladder,
has thick rigid walls which become considerably thinner and more
flexible anteriorly as they bulge into a pair of slight dorsal elevations
filled with vascular material. Its most prominant feature is a pair
of hemispherical anterolateral protrusions, the convex surfaces of
which are in direct contact with that area of outer skin called the
tympanum (Gregory, 1933). Internally these side pouches extend
from the lumen without special constriction. A thin, transparent,
horizontal membrane divides the anterior half of the bladder into
dorsal and ventral compartments that are in communication through
a large, central, circular aperture. A rather conspicuous red gland
occupies the anterior three-quarters of the bladder floor.
The grunting sound, obviously due to air bladder resonance, may
be initiated by a special adaptation of bones of the pectoral arch, as
described by S¢rensen (1895) for B. aculeatus. In B. carolinensis we
found fine longitudinal ridges and grooves on the inner and posterior
surfaces of the cleithrum that articulate with the postclavicles immedi
ately below the tympanum. Since this apparatus is so closely associ
ated with the air bladder, vibrations must be transferred and strength
ened thereby. Several investigators have described the beating of fins
against the two small tympanic-like membranes behind the pectorals
(as against drum-heads) to produce the resultant rhythmic sound.
We found no evidence that stridulatory sound originated in the
anterior dorsal fin, as suggested by Bridge (1904). However, the
sudden dropping of the enlarged first spine, when released from a
locked position by deflexing the second spine, might well be audible
in large specimens (Fish, 1948). The small terminal mouth with its
chisel-like teeth set in powerful jaws, together with the well developed
grinding pharyngeals, enable the common triggerfish to crunch pieces
of coral and to extract soft parts of mollusks by boring holes in the
shells. Such feeding habits result in considerable noise production.
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Significance of the Common Triggerfish as a Soundmaker. Inasmuch
as this species occurs northward to Nova Scotia only as a casual Gulf
Stream visitor in late summer and fall, its importance in sound produc
tion is negligible in North Atlantic coastal waters. However, on
tropical and subtropical shores, where specimens 300 mm in length
are common residents, the common triggerfish must be included among
the producers of underwater sound. Little is known of its breeding
habits, but spawning may occur during the summer in the Chesapeake
Bay region.

Family XII.

MONACANTHIDAE. Filefishes.

17. Stephanolepis hispidus (Linnaeus). Common filefish; foolfish.
Recorded Sounds. A sharp whining swish and low chirps or clicks
were produced by small specimens. Frequencies ranged from below
50 to 800 cycles. The average of five sounds made by the largest
available specimen, a 120 mm female with developing gonads (Fig.20),
has predominant frequencies in the 150-300 cps octave, with small
second harmonic content at 400-800. The fairly large 75-150 com
ponent is characteristic of most air bladder sounds induced by shock.
The maximum over-all pressure indicated is 85.l db above 0.0002
dyne/cm2 at a distance of one foot from the hydrophone.
Stimulation to Sound Production. Although the six experimental
specimens were small, all of them demonstrated their ability to chirp
under conditions of alarm and duress. During capture, considerable
clicking occurred in the air and continued under water after they were
transferred to the test tank. Sudden motion of an object placed in
an individual's path, and even activity outside the glass, were sufficient
later to induce low but audible clicks. Acclimation was immediate
and specimens were soon eating ravenously. During competition for
food the same low chirping and swishing was recorded. Because of
their small size, the electric stimulator caused little physical effect
and the resultant sound was of low amplitude.
Mechanisms Involved. Visual evidence corroborated the theory that
the stridulatory scrape or swish originates when two upper series of
incisor teeth articulate with a single lower series. Whereas the pos
terior surface of most teeth is fairly smooth, that of the two median
pairs of upper incisors bear fine transverse striations. With rapid
opening and closing of the mouth, the biting edges of the lower teeth
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Figure 20. Spectrum of the low chirping sound of a common filefish, based on the average
of five sounds.

are drawn over these ridges to produce the resultant sound. As in the
case of the common triggerfish, the proximity of the air bladder
probably reinforces such a toothy rasp. In dissected specimens, no
lower pharyngeal patches were apparent, and only two transverse

1954]

Fish: Character and Significance of Sound Production

67

rows of six to eight cardiform teeth were present above on either side
of the midline.
Air bladder participation in the reaction of the specimens to electric
stimulation is suggested in the characteristic 150-300 cps maximum
and large 75-150 cps component. The thin-walled, round-ended air
bladder occupies about two-thirds of the length of the body cavity and
one-third of its depth, with the long axis at a 45° angle to the long
axis of the fish; it is loosely attached to surrounding tissue except at its
anterodorsal surface. Internally it is a simple cavity with a conspic
uous gas gland on the floor of the anterior half.
We do not know conclusively from our records whether or not the
dorsal fin took part in sound production, but we did observe that the
large barbed spine rose abruptly when each specimen was startled;
sometimes, but not always, this action was coincident with an audible
click. When the fish was shocked, the spine snapped up at a right
angle, then suddenly fell, but its part in the recorded sound was un
certain.
Significance of the Common Filefish as a Soundmaker. This species
is not an important member of the underwater chorus, although its
low sound may be expected anywhere along the Atlantic coast from
the Florida Keys and the West Indies to Brazil, where specimens up
to 250 mm are abundant over coral reefs and weedy bottom. Young
stragglers stray northward with the Sargassum weed in the Gulf
Stream as far as Nova Scotia, but their small size renders them of
negligible significance as soundmakers.
Fifteen sound discs made by the Japanese during World War II
recorded the sounds of a related filefish, Monacanthus cirrhifer, which
was suspected of being one of the troublesome soundmakers of that
region (C. J. Fish, 1946). Our examination of the recordings noted
typical nipping and crunching noises that were associated with feeding
on Mysis and a faint "wick-click" that was associated with thrashing
during capture by experimenters. These sounds were similar to the
grinding of incisors exhibited in the present experiments.
No information is available on the spawning and breeding habits of
the common filefish. Five of the present specimens had immature
gonads and the sixth (Fig. 20) had ovaries distended with unripe eggs
on 31 August.
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18. Ceratacanthus schoepfi (Walbaum). Orange filefish.
Recorded Sounds. The toothy rasping of the orange filefish covers
a wide frequency range from below 50 to 4800 cycles. Fig. 21, the
average of 10 individual sounds made by a 350 mm specimen, indicates
principal frequencies in the 600-1200 cps octave, with fairly large
pressures at 300-600 and 400-800. There is little occurrence of higher
harmonics or low frequency components. Maximum over-all pressure
was 99.63 db above 0.0002 dyne/cm2 at a distance of 15 feet from the
hydrophone.

Stimulation to Sound Production. Twelve orange filefish between
350 and 465 mm were used in the present experiments. These large
specimens lived particularly well in captivity, both in outdoor pens
and in aquaria. No sound was associated with their normal activity,
which consisted for the most part of continual cruising around the
tanks just below the surface of the water. Soon tamed, they rolled
on their sides near the surface in order to better observe the experi-
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menters and to reach food offered by hand. Attempts at frightening
and crowding by other fishes were unsuccessful. A spontaneous rasp
was heard on only one occasion, and that was when a large dogfish
accidentally collided with an orange filefish. However, the toothy
sound could be induced easily with electric shock, and bursts of rasping
were recorded when specimens viciously snatched pieces of food away
from other fishes. Although the orange filefish is reportedly herbivo
rous, our specimens thrived on worms and hard clams, producing
chewing noises with both soft food and broken shellfish.
Mechanisms Involved. Much stridulatory sound obviously ong1nates in the scraping together of incisor and pharyngeal teeth. As
with the common filefish, the mouth is well supplied with a double
series of incisor teeth in the upper jaw and a single series below, the
latter directed obliquely upward. The posterior surfaces of the two
median pairs of upper incisors are grooved with fine transverse stria
tions over which the biting edges of the lower incisors grind. In large
specimens these striations may be worn down, sometimes almost to a
concavity. The upper cardiform pharyngeals are characterized by
small clumps of long claw-like teeth which form a horny sieve to
supplement the gillrakers. They occur in two semicircular rows of
three or four teeth on either side.
The bones of the pectoral arch may serve to initiate sound also, for
fine longitudinal grooves appear on both the inner surface of the
cleithrum and the outer surface of the postcleithrum. It is believed
that sound in related Balistidae is produced at this articulation (p. 64).
To date our experiments have not indicated that there is much
reinforcement of stridulatory sound by the air bladder, but the peculiar
development of this organ indicates a possible association of air bladder
with bony structure to facilitate the transmission of sound vibrations.
Dissection of a 465 mm specimen disclosed an air bladder 79 mm in
length that was surprisingly chunky for such a compressed fish;
dorsally it was tightly adherent to the bony canopy formed by un
usual vertebral development. A pair of short horns at either end
embraced the vertebrae, thus increasing its firm attachment and ex
tending the organ to the full length of the body cavity.
Significance of the Orange Filefish as a Soundmaker. Although this
species has not yet indicated frequent use of sound, the possession of a
well developed sonic mechanism places it in the group of expected
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noise producers. The orange filefish, ranging from Maine to Texas,
is found around wharves and rock piles where it feeds on attached
plants and animals. Southward it is common in depths down to 14
fathoms. In Narragansett Bay, several to a dozen or more are fre
quently taken together in traps near shore, and recently a school of
eight was reported 12 miles at sea in New York Bight (Crawford and
Powers, 1953). The species reaches a maximum length of about
600 mm. Breeding data are lacking, but gonads of Narragansett Bay
specimens were partially developed in late July. In any gregarious fish
the possible use of sound during the spawning season is worthy of
consideration.
Family XIII.

TETRAODONTIDAE.

Swellfishes.

19. Spheroides maculatus (Bloch and Schneider).
swellfish.

Puffer; northern

Recorded Sounds. The puffer produces long bursts of nasal creaking
"erk-erks" which are suggestive of the double stroke-recovery noise
produced when a wooden board is being sawed; sometimes it resembles
the less harsh panting of a dog. As shown by the average of 10 such
sounds (Fig. 22), the principal frequency is lower than that usually
noted in sounds of stridulatory origin. There is a maximum at 300
cycles with a small harmonic at 600, another strong component at 800,
and several peaks from 800 to 1200, possibly including the third and
fourth harmonics of 300. The maximum recorded pressure is 91.48 db
above 0.0002 dyne/cm2 at a distance of six inches from the hydrophone.
Fig. 23 shows the typical toothy feeding noises that cover a much
wider range, from below 50 to 2200 cycles. Although there are several
low frequency peaks, most pressure is concentrated in the 1200-2400
cps octave. Maximum over-all pressure measured is 100.68 db above
0.0002 dyne/cm2 within two feet of the hydrophone. Also, sometimes
a low dull thump from below 50 to 2400 cycles, with principal fre
quencies in the 150-300 cps octave, is apparent during electric stimula
tion.
Stimulation to Sound Production. Natural sounds, induced in the
laboratory only by duress, have been accompanied by defensive swell
ing. Usually the grating begins when the fish is completely inflated,
continues as a crescendo with further manual stroking, and reaches its
climax at the moment of deflation. During the hauling.of trawls,
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Figure 22. Spectrum of the spontaneous sound produced by an aggravated and completely
inflated puffer, based on the average of 11 harmonic wave analyses.

captured puffers swell rapidly and often float upside down in this
condition for some time. An electric shock does not readily induce
inflation, and only rarely does a specimen respond with a thump
accompanied jump. Forty-five puffers up to 271 mm in length were
given the full routine of laboratory experiment, and feeding scrapes
were the only other audible sounds.
Mechanisms Involved. Obviously the principal sound comes from
the grinding of upper and lower plates in the protruding beak-like
mouth. There are no true teeth, but the bones of both jaws with
their sharp cutting edges are divided by a median suture, hence these
bones have the appearance of two oversized incisors above and two
below. Unlike the Monacanthidae (p. 65), there are no ridges on
their posterior surfaces that might increase stridulatory sound. Since
the gill teeth consist of only two transverse rows of rather large, short
conical teeth on either side of the pharyngeal roof, separated by a
wide median gap, they are not involved in sound production.
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Figure 23. Spectrum of the scraping sound associated with the normal bottom activity
of an unin:flated puffer, based on the average of two octave filter analyses.

Because the air bladder is situated at some distance behind the
stridulating plates, it does not seem to amplify appreciably the sound
produced by them. However, the possibility of some participation
by the bladder is indicated in the prevalent low frequencies and har
monic content. The typical bladder-like thump, noted during electric
stimulation, must be due to vibrations set up in the bladder by general
body contraction. The short and stubby air bladder, loosely attached
to surrounding tissues at its anterior and dorsal surfaces, is indented
posteriorly to form a pair of stout lobes which are about equal in
length or sometimes even longer than the main portion of the bladder.
These lobes follow the contour of the body cavity walls, thus forming
oblique horns which extend almost at right angles from the bladder's
midline. In the present specimen the terminus of the left horn has a
short, broad, flattened extension which folds dorsally and laterally
over its closed end. The only internal constriction of the bladder is
found at the extrance of this small extension. A conspicuous red
gland occupies the ventral floors of both the body and the two horns.
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Significance of the Puffer as a Soundmaker. Individuals of both
sexes use inflation quite generally as a defensive measure, hence the
associated sound may occur frequently. The pressure from a solitary
rasp is minimal and it is only from the combined efforts of a number of
puffers that appreciable volume can be expected. That this species
resorts to mob tactics under certain circumstances is well known.
Breder (1948) comments on their habit of congregating to devour a
blue crab: "... their hard cutting jaws are well able to bite through
the resistant shell, although they are not fond of being nipped by the
sharp chelae of the crab and will seldom tackle one alone. The
spectacle always suggests concerted action and the possession of more
reasoning power than we have any right to assign to such a fish."
Puffers occur along the Atlantic coast commonly from Florida to
Cape Cod and more sparingly northward to Maine. Between May
and November they frequent water only a few fathoms deep. The
young travel in large rambling schools and the more solitary adults
often bury themselves partially in soft bottom deposits by means of
the shovel-action of their specially developed pectoral bones. It is
believed that they winter thus in slightly deeper water. They may
reach a length of over 350 mm, although 250 mm is the usual maximum.
Spawning occurs throughout their range in shoal water, chiefly during
May in the Chesapeake region and from June on along the southern
New England shoreline.
Family XIV. DIODONTIDAE. Burrfishes.
20. Chilomycterus schoepfii (Walbaum). Burrfish; porcupine-fish; rab
bitfish; oysterfish; spiny boxfish; swell-toad.
Recorded Sounds. To the ear the burrfish's toothy whine or rusty
hinge-like creaking resembles the sound of the puffer, except that the
bursts are composed of single rather than double scrapes, each of
about one-half second duration. Analysis shows a wider frequency
range, from below 50 to 4800 cycles, with greater energy in the low
frequencies. The solid line of Fig.24 gives the average of four in
dividual sounds produced by a 176 mm female during defensive in
flation. Octaves 150-300 and 200-400 cps are predominant, with a
possible second harmonic around 400-800 and another stridulatory
peak at 2400-4800 cps. When a specimen is electrically stimulated,
a pronounced thump or knock often accompanies the sawing series.
The broken line in Fig.24 indicates one such sound included in the
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Figure 24. Spectra of burrfish sounds induced by various stimuli. The solid line is the
average of four rasps during defensive in:tlation; the broken line is a single thump that ac
companies the rasping whine following electric shock.

rasping burst of a 180 mm male. The large 75-150 cps component
is followed by secondary maxima in the 2400-4800 and 400-800 cps
octaves. Over-all pressure reaches 110.11 db over 0.0002 dyne/cm2
within two feet of the hydrophone.

Stimulation to Sound Production. As in studies of the puffer, rasping
occurred in the laboratory only in conjunction with defensive swelling,
but in this species complete inflation was not necessary for sound
production. Newly captured fish were induced to swell and to rasp
by continuous abdominal stroking; however, in later experiments the
same specimens often began whining when first handled and only
partially inflated. More extreme duress applied by electric shock
usually resulted in a single deep thump and a simultaneous convulsive
jump which was followed by a lengthy stridulatory burst and moderate
swelling.
The burrfish is a particularly noisy eater, but the data indicate that
all recorded sounds may not be accidental. Tooth stridulation, which
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was noted during competitive feeding but which was not associated
with chewing, seemed to be effective in frightening other specimens
away.

Mechanisms Involved. Each jaw of the toothless mouth is covered
by a continuous bony plate that provides an effective means for the
production of stridulatory sound. The position of the air bladder far
behind the jaws prevents its direct participation with the plates in
sound production. However, the air bladder, which is probably
vibrated by general body contraction, is believed to be the principal
source of the thump noted during electric stimulation. This organ,
short and stout, is indented anteriorly to form a pair of plump horns
that extend backward from the posterior margin of the skull. In
ternally there are no constrictions, but the vertical median partition
between the entrances of the horns is prominent, rather rigid, and
presents a free edge that might well augment vibrations. The gas
gland occupies most of the floor of the main body of the air bladder.
Significance of the Burrfish as a Soundmaker. Because inflation is
apparently a usual reaction to fear and annoyance in both sexes and
because the volume of the sound which accompanies inflation is com
paratively large, the burrfish may be considered among the more
common sonic species. Certainly the concerted soundmaking of a
group may reach significant proportions. William Beebe (quoted by
Norman, 1936), who watched a number of small specimens bunch
together for protection when they were threatened by a four foot
garfish, noted that members of the group were captured only when
single individuals became detached from the mass. This species is
a frequent late summer visitor between Massachusetts Bay and the
Chesapeake region; it is common southward to Florida. All of the 21
specimens used for this experiment were under 190 mm and had im
mature gonads. The maximum length is about 250 mm. Nearly
mature burrfish have been taken on the Virginia coast in October,
but no data are available on breeding habits.
Family XV.

MOLIDAE.

21. Mola mola (Linnaeus).

Sunfishes.
Ocean sunfish; giant sunfish; headfish.

Observed Sounds. Underwater soundmaking by this species was
observed on two occasions, but high background due to the confusion
of capture interfered with the preparation of analyzable recordings.
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*

Caught in a trap off Narragansett Pier, specimen 1 emitted a number
of grating, pig-like grunts. Similar sounds were picked up when
specimen 2 was netted near the surface about three miles offshore.
Each specimen weighed close to 500 pounds. When they were hoisted
out of water, high pitched groaning sounds with a sharp metallic
quality were audible.
As we approached specimen * 2 we heard loud mechanical "beating"
sounds that resulted from the specimen's swimming at the surface
with fins partly out of water. During the capture of both specimens,
the intermittent and noisy spurting of a stream of water from the
mouth was noted.

*

Stimulation to Sound Production. All soundmaking observed thus
far has been associated with duress. Listening was negative over the
trap where specimen 1 was confined, but as soon as hauling opera
tions crowded it among bushels of smaller fish, grunting began and
continued during landing. Likewise, the hydrophone picked up no
biological sound while specimen 2 moved slowly along at the surface,
half swimming and half floating, but grinding began immediately as
we attempted to capture it with a dipnet.

*

*

Mechanisms Involved. The ocean sunfish grates its teeth in the
manner of pigs and other ruminants. Since it has neither an air blad
der nor an inflatable belly, all biological sounds must be due to stridula
tion between the upper and lower "plates" formed by the complete
fusion of teeth in each jaw.
The peculiar sculling progress of Mola, which may result in mechan
ical noise, has been described by Norman and Fraser (1949). It is
accomplished by twisting the dorsal and anal fins together from side
to side to produce an action similar to a ship's propeller. According
to these authors, increased speed is gained by voluntary squirting of a
powerful jet of water from either gill opening.
Significance of the Ocean Sunfish as a Soundmaker. Because indi
viduals reach tremendous size (4,400 lbs in the Indo-Pacific), stridula
tory sound may assume considerable magnitude. In view of the fact
that these giants are encountered in open seas and along all warm
temperate and tropical coasts, they are of moderate importance among
soundmakers. Although they usually travel alone or in pairs, at
certain seasons they form schools of about a dozen members. During
the summer months, solitary specimens stray as far north as the New-
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foundland Banks and the outer Nova Scotian coast, but, chilled by
the cold water, they swim slowly or float at the surface. Frequently
they are visible for some distance. Ocean sunfishes may sometimes
descend to great depths, for stomach contents have included small
deep sea species. Their spawning habits are unknown, but the author
has taken pelagic larvae less than 4 mm long in mid-July in the vicinity
of 30 ° N, 60 ° W, over depths of 2,875 fathoms.
Family XVI.

COTTIDAE. Sculpins.

22. Myoxocephalus octodecimspinosus (Mitchill). Long-horn sculpin;
18-spined sculpin; hacklehead; gray sculpin.
Recorded Sounds. Thirty-one specimens between 235 and 350 mm
consistently produced dull droning, buzzing, or long continued rum
bling sounds. The vibrations, often on the lower threshold of audi
bility, could be better felt than heard. However, considerable volume
in the audible range was registered on occasions by over-all pressures
as high as 129.27 db at a distance of a few inches from the hydrophone.
The frequency range was unusually low and short, from 20 to 650
cycles, with maxima always between 50 and 100 cycles. Individuals
showed some variation in frequency pattern, but the output of each fish
remained remarkably constant through successive bursts. Fig. 25 gives
the average of 14 separate sounds made by a 260 mm female in spawn
ing condition. The principal octave is 50-100 cycles, with strong
harmonic content at 100-200 and 200-400. Maximum over-all pres
sure in this case is 104.04 db above 0.0002 dyne/cm2 within two feet
of the hydrophone.
Stimulation to Sound Prodiiction. Since the experiments with this
species were conducted during cold weather when facilities were not
available for prolonged captivity, our only records involve their re
sponse to various degrees of fear and annoyance. Rough handling
in both air and water resulted in immediate sound production. Netted
specimens hummed with increased volume when escape was offered
and then thwarted. After an original burst due to aggravation, they
avoided approaching objects by nervous swimming accompanied by
low rumbling sound. Vibratory sound, likewise induced and sustained
by moderate electric stimulation, was often repeated one or more times
after the initial sound. However, under extreme duress, when either
handled or shocked, specimens were apt to become quiet.
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Figure 25. Spectrum of the spontaneous low rumble of a longhorn sculpin, based on the
average of 14 individual sounds.

Mechanisms Involved. The grunting and gurgling of a sculpin in
air when handled has been noted and generally attributed to the rub
bing of gill covers against the side of body or to special modification
of the preoperculurn for stridulation (Bridge, 1904). However, we
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believe these explanations are erroneous, since it is obvious in labora
tory study that the opercula proper are not in any way involved. As
the sound begins, the fish flattens and widens its head perceptibly so
that the gill covers gape widely and at no time scrape the body;further
more, no separate movement of preopercula can be detected when the
head is in this rigid position. Still another explanation (Dufosse,
1874) suggests that the sound originates from contraction of muscles
around the mouth, especially those of its floor, and that the sound is
reinforced by dilation of the buccal and respiratory cavities. Although
we could feel the fish vibrate throughout its entire length as the sound
continued, the strongest vibrations were not in the opercular or mouth
regions but on the ventral surface near the pelvic fin insertion. Dis
section shows that this vibratory center is located at the posterior
pelvic-coracoid articulations, slightly anterior to the articulation of the
ventral fins with the pelvic girdle. Here the outer vertical surfaces
of the pelvic bones articulate with the inner vertical surfaces of the
coracoids of the pectoral girdle at about a 45 ° angle. Each of these
bones has longitudinal ridges across the areas of articulation, so that
stridulation must occur when the pelvic girdle is alternately elevated
and depressed. The articular surfaces on the pelvic bone form a
circular area that occupies approximately the middle third of its ver
tical portion; the corresponding area on the coracoid occupies the
posterior portion of the vertical plate.
A pair of vertical wedge-shaped muscle masses originates on the
vertical median surface of the coracoids just posterior to their anterior
union; this same pair inserts on the anterior half of the pelvic bones and
on the forked terminus of the "epipubic" process. These muscles,
when they contract, must depress the pelvic girdle by swinging it
ventroanteriorly. A pair of myotomes, attached to the transverse
posterior border and to the posterior median process of the pelvic
girdle, serves as an insertion for the ventral abdominal muscles of
the pelvic girdle. By contraction of this musculature the girdle must
be elevated dorsoposteriorly. The alternate contraction of depressor
and elevator muscles in rapid succession could result in stridulatory
vibration of the posterior pelvic-coracoid articulation; we therefore
suggest that this is the probable source of the long-horn sculpin's
recorded sound.

Significance of the Long-horn Sculpin as a Soundmaker. The long
horn sculpin's apparent readiness to produce sound in response to
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annoyance and fear indicates that this very abundant species may be
the principal winter noisemaker in local waters. It is resident from
Virginia to Labrador in waters of moderate depth and seeks tempera
tures between 35 ° and 60 ° F. It is usually found in abundance along
the bottom in shoal waters of southern New England and New York
in winter, and out to a depth of 50 fathoms in summer; in the colder
Bay of Fundy region long-horn sculpin journey inshore during the
summer and offshore in winter. The season of greatest abundance in
Narragansett Bay is during the November to January breeding season.
Although the closely related short-horn sculpin reaches a length of
over 900 mm, the long-horn never exceeds 450 mm and seldom reaches
350 mm.
Since the cottid family is especially large and diverse and is widely
distributed, it may well be considered a potentially important sound
source in northerly waters of both the Atlantic and Pacific. While
some species are restricted to fresh water, great numbers of marine
forms frequent rocky areas in moderately shallow water; other marine
species descend to considerable depths.
Family XVII. TRIGLIDAE. Sea robins.
23. Prionotus carolinus (Linnaeus). Common sea robin; Carolina sea
robin.
Recorded Sounds. Perhaps the most outstanding characteristic of
the common sea robin's sound is its vibrant drum-like quality analo
gous to the noise made by a wet finger drawn across the surface of an
inflated rubber balloon. The rhythmic outbursts of both local species,
P. carolinus and P. evolans, suggest the cackling and clucking of barn
yard fowl. In the case of the common sea robin, this modulated
squawking seems more staccato in character than that of its red
winged relative, P. evolans. Sometimes a single deep cluck or squawk
may be given, but more often the sound is repeated in a series that
lasts 10 to 15 seconds. The volume of the outburst is directly pro
portional to the degree of stimulation.
Some tonal variation may be exhibited by a single specimen, but
the general sound pattern is so constant in repeated experiments that
the sound of one individual can be differentiated by ear from the
sounds made by other sea robins. Undoubtedly size is the major
controlling factor, since vibrations are more or less inversely propor
tional to air bladder length; we found that the average frequency de-
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Figure 26. Spectrum of the vibrant squawk of a common sea robin.
produced singly but more often as an extended rhythmic burst.

700
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Such sounds are

creased as the length of the noisemaker (hence the length of the air
bladder) increased.
Analyses of cackling sounds produced spontaneously by over 50
common sea robins indicate an extreme frequency range of 40 to 2400
cycles, with most energy concentrated between 150 and 750 cps. In
medium sized adults, the principal frequency is usually 300 cycles,
with pronounced harmonic components at 150, 450 and 600 cps
(listed in order of magnitude). Measured pressure has reached 112.56
db above 0.0002 dyne/cm2 at a distance of two feet from the hydro
phone. In the case of electrically induced single clucks, the principal
frequency is usually lower; Fig. 26 shows the average of two such
sounds made by a 262 mm male. The strongly predominant 150 cps
component is followed by many harmonic peaks.

Stimulation to Sound Production. The common sea robin responded
with sound to every type of stimulation attempted. Specimens began
grumbling when they were first captured and continued to do so
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sporadically after they appeared to be fully acclimated to captivity.
Diurnal monitoring of specimens in wire enclosures in the Bay indi
cated that spontaneous sound may occur at any time, frequently by
day, more rarely by night. When new specimens of either the same
species or other species were added to the tank, immediate bursts
were recorded; in the confusion of crowding, prodding or direct attack,
these sounds became louder and more frequent, and during competi
tive feeding they were almost continuous. Deliberate swim.ming ac
companied by sound took place in situations where other species
might be expected to attempt a silent fast escape. Captive specimens,
soon tamed, would lie quietly on the bottom. clucking softly during
gentle stroking by experimenters; if this manual stimulation were
applied too long or too heavily, the fish would break away in seeming
annoyance and emit a louder burst. Electric stimulation brought
forth deep clucks that were followed by bursts of higher pitched
cackling. Routine listening over common sea robin grounds in Nar
ragansett Bay picked up typical sounds, and the hauling of trawls in
such areas was accompanied by a pandemonium of squawking.
Their various reactions thus suggest the use of sound as a response
to nearly every experience in colony life. Hydrophones picked up
occasional single clucks and bursts from specimens that had lived in
solitary confinement over long periods of time.

Mechanisms Involved. The quality of the comm.on sea robin's grunt
ing as well as experimention suggest that a large specially adapted
air bladder is the sound source. Stimulation of air bladders after
removal from living specimens of both sexes have resulted in typical
grunts. Dissection shows that the visceral cavity is more than half
filled by the air bladder; it is composed of two lobes, which are pointed
at either end and which open into each other for only a short distance
near the anterior margin. Along the complete outer surface of each
lobe lies a mass of em.bedded muscle tissue with striated fibers running
at right angles to its length. When these intrinsic fibers are con
tracted, the dimensions of the air bladder are altered and its taut mem
brane and gaseous contents are set in vibration. The whole air blad
der is loosely attached along the dorsal body wall, the anterior portion
being somewhat more firmly anchored than the rest. Internally the
right lobe is a simple open cavity; but the left lobe has a thin mem
branous partition about halfway between the interlobular connection
and the posterior end which is perforated by a small central hole.
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When gas is forced through this tiny aperture and sets up a vibratory
action in the septum, it is probable that sound waves are strength
ened.
Coarse, short, conical pharyngeal teeth are abundant in a median
triangular patch in the lower jaw; similar but slightly smaller teeth
cover the knob-like gill rakers. The upper pharyngeals consist of one
large median oval area and two pairs of small lateral elliptical areas
of similarly shaped teeth. The occasional presence of vibrations of
much higher frequency than those usually encountered in air bladder
sounds may indicate tooth stridulation during extreme duress, but
the participation of pharyngeal teeth in ordinary sound production is
not indicated. The air bladder with its built-in musculature is con
sidered a complete sound source.
Significance of the Common Sea Robin as a Soundmaker. Because of
the frequency and comparatively large volume of its sonic activity,
the common sea robin (together with P. evolans) may be considered the
noisiest fish along the northern Atlantic coast during much of the year.
P. carolinus, which ranges from the Bay of Fundy to South Carolina,
is found most commonly in shoal waters from Cape Cod to Cape
Lookout. A typical bottom dweller, it shows preference for smooth
sand and often becomes almost completely buried, but it does not
shun rock and muddy bottoms. In summer the species occurs in
great abundance from the tide mark down to 40 fathoms or more,
and between October and late April it moves seaward to deeper off
shore areas. The common sea robin attains a maximum length of
about 400 mm and a weight of 1¾ pounds; specimens over 330 mm
in length are rare. Breeding, which takes place from June to August
throughout its range, coincides with the season of greatest inshore
abundance and probably with a period of substantially increased
soundmaking. All of the larger and most loquacious experimental
robins of both sexes were approaching the spawning condition, their
gonads being nearly or completely mature.
24. Prionotus evolans (Linnaeus). Southern striped sea robin; red
winged sea robin; striped sea robin
Recorded Sounds. The vibrant quality of all sea robin sounds,
something like that of a bass drum, has been noted in connection with
P. carolinus (p. 80). Just as these two species are closely related
taxonomically, so their soundmaking has great similarity. However,
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Figure 27. Spectrum of the single cluck of a southern striped sea robin; note the striking
similarity to that of the common sea robin (Fig. 26), but produced in a more staccato burst.

an experienced ear can distinguish certain differences: by comparison
with the slightly sharper and more staccato burst of the common sea
robin, the sound produced by this species has a trifle longer pulse and
is duller and more "hollow" like distant hammering on a wooden wall.
The terms "squawk and cackling," applied to P. carolinus, may be
replaced by "grunt and clucking" for P. evolans.
Analyses of the bursts of 69 southern striped sea robins demon
strated a slight but evident difference in frequency pattern. The
usual range of spontaneous grunts, shorter than that of the common
sea robin, was 40 to 800 cycles, with principal energy at 200, 100 and
300 cps (listed in order of magnitude). Occasionally, when small
specimens were extremely excited, frequencies up to 3200 cycles were
recorded, with maxima in the 400-800 and 800-1600 cps octave bands.
Over-all pressure reached 117.9 db above 0.0002 dyne/cm2 at a distance
of two feet from the hydrophone. Fig. 27 represents the average of
four grunts induced by the electric stimulation of a 413 mm female.
The predominant 125 cycle component and the harmonic nature of
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this sound are strikingly similar to the data for the common sea robin's
response to the same stimulation (Fig. 26).

Stimulation to Sound Production. This species was as easily in
duced to sound production as the common sea robin. Typical chat
tering was recorded when specimens were captured, handled or trans
ferred into new surroundings, when new tank-mates were introduced,
when they fed alone or competitively and when they were suddenly
alarmed, mildly annoyed or severely aggravated. As with previous
species, isolated individuals produced natural sounds without apparent
stimulation.
Mechanisms Involved. Except for the fact that the lobes tend to
end more bluntly, the anatomy and function of the air bladder in P.
evolans and its use for the production of sound are identical with those
in P. carolinus (see p. 82). In both species the air bladder is con
tained 4.4 to 5.9 times in the standard length of the fish. Pharyngeal
teeth are alike in both species.
Significance of the Southern Striped Sea Robin as a Soundmaker. As
previously stated, the two species of sea robins are considered the
noisiest fishes along the New England coast from spring until fall.
Inasmuch as the southern striped sea robin grows to a larger average
size (ordinarily attaining 450 mm) and has been more abundant
locally during the past few years, it may surpass the common sea
robin in volume of sound production in Rhode Island waters. Al
though the southern range of both species is the same (to South
Carolina), P. evolans seldom accompanies the common sea robin
north of Cape Cod. Breeding data are not available for this species,
but the gonads of all adults taken by us between June and August in
dicated that spawning takes place during the summer months.
Family XVIII.

BATRACHOIDIDAE.

Toadfishes.

25. Opsanus tau (Linnaeus). Toadfish; sapo; oysterfish.
Recorded Sounds. Two types of sound have been consistently
emitted by the toadfish: (1) a single coarse grunt or hoarse raucous
growl and (2) a clear musical note or "hoop" like the single blast of a
boat whistle; both sounds last about one-half second, but the latter
has a higher pitch. The analysis of a single grunt produced in cap
tivity by a 203 mm male (Fig. 28) is typical of these low frequency,
harmonic sounds. The fundamental is 100 cycles, with decreasing
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Figure 28. Spectrum of the voluntary coarse grunt of a toadflsh, which may express both
warning and alarm, based on analysis by harmonic filter.

energy peaks at 200, 300 and 400. Spontaneous grunts ranged be
tween 80 and 650 cycles, with maximum over-all pressure up to 118.06
db above 0.0002 dyne/cm2 at a distance of two feet. When the sound
was induced by electric shock, its range widened from below 50 to 1600
cycles, with over-all pressures usually under 106.02 db; in rare cases
it went up to 107.96 db. In all types of stimulation, however, the
principal frequency was predominantly in the 75-100 cps octave, with
somewhat less energy in the 200-400 band.
The consistency of the sound pattern was indicated by a series of
nine toadfishes, males and females, which measured 174 to 245 mm;
each specimen was segregated in a separate tank between 16 July and
16 September 1951. Electrically induced sounds at the beginning
and end of the experiment showed striking similarity of frequency
patterns for each fish (see p. 103).
Fig. 29 shows the analysis of a boat-whistle blast produced spon
taneously by the same toadfish whose sound was used in Fig. 28. It
is close to a pure tone with strong fundamental frequency in a narrow
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Figure 29. Spectrum of the intermittent musical blast of a toadfish associated with pre
spawning activity, based on analysis by harmonic filter.

band in the vicinity of 325 cps. A second harmonic near 625 cps
measures approximately 15% of the principal, and a third at 950 cps
measures only 7%. All analyzed sounds of this type were harmon
ically related, with no significant components between the harmonics.
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They were always loud and intermittent, and, since they usually came
through the water from unknown distances, they were known to the
investigators as "foghorn boops" or "pings."

Stimulation to Sound Production. Close to a hundred specimens
were used for laboratory experimentation. Field studies were carried
on in the spring and summer of three years. Although individuals
were sluggish and ill-tempered, all lived well in captivity and survived
for two or three months in aquaria without showing any active interest
in their surroundings. Many specimens were never seen feeding in
captivity, and it was necessary to resort to extreme duress to excite
them. The most stubborn toadfishes were so closely imprisoned by
rocks that they had no avenue of escape. Subsequent prodding with
a rod resulted in mere low growls (suggestive of warning), while the
introduction of a natural enemy such as the lobster or blue crab
brought forth frenzied physical activity and repeated loud grunts (as of
real alarm). In their natural habitat (e.g., Wickford Harbor) toad
fishes were quite easily induced to produce single "angry" grunts.
Many times a male, guarding its nest of eggs adherent to a sunken log
or rock or other object on the bottom, responded to our prodding with
a loud growling sound;it evacuated its post only when it was absolutely
necessary to avoid capture. However, when such nests were removed
to the laboratory, the male which had been guarding them ceased his
vigil and retreated to any available cover. No doubt this particular
sound is a reaction to annoyance, fear and aggravation and may ex
press both warning and alarm. With electric stimulation the same
sound was recorded. Since the sound usually occurs coincidentally
with the shock, it is probably produced involuntarily; an identical
grunt repeated shortly thereafter is presumed to be voluntary.
The occurrence of the boat-whistle blast was obscure at first. Only
once during the first season was it recorded from specimens in cap
tivity, that being in mid-July when a newly captured specimen was
dropped into an enclosure in the open Bay. The fact that this par
ticular sound was not heard again that year in spite of varied stimula
tion of many specimens suggested that it might be associated with an
earlier phase of the annual cycle, probably with the inception of the
breeding season. Accordingly field studies were begun in early June of
the following year, and the results corroborated this theory. Through
out the prespawning period, before eggs were found in the shallow
inlets of Wickford Harbor and nearby waters, a medley of "foghorns"
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arose from deeper water. Sometimes pairs of sounds from one ap
parent source were heard; such sounds were spaced a few seconds
apart, were equally intense, and had a metallic quality rather like a
faraway bell buoy. Individual contacts were repeated at quite regular
intervals of 30 seconds or more. Often a weaker ping, apparently
from a more distance source, occurred between the louder series and
gave the impression of an echo. We do not know whether this was
mere coincidence or a true answer.
Evidence to date points to an association of this sound with pre
spawning activity, but in most cases it has been impossible to identify
the actual soundmaker with a particular field recording. The sound
of motor vessels nearby rarely caused diminution of broadcast as in the
case of other species, but our direct attempts at capture always re
sulted in silencing the toadfish. In a few cases where the producer of
the sound was tracked and captured, it always proved to be a par
tially spent male that had been guarding a nest of eggs in several
stages of development. It is apparent that spawning does not take
place in one emission, since more than one female contributes to the
accumulation in a nest, the watchful male fertilizing each batch as it
is deposited. Whenever a male maintained silence while on the nest,
we found that he was completely spent and was standing guard over
eggs that were in the later stages of development. We presume,
therefore, that this particular blast is a sort of mating call used by
only those individuals which carry mature sex products.

Mechanisms Involved. The toadfish produces sound in like manner
to the Triglidae, i.e., by means of an air bladder with special built-in
musculature. This organ, shaped like Dutch breeches, is relatively
smaller and less divided than that of the previously discussed sea
robins, and its two rounded anterior lobes or "legs" extend back less
than half of its length. Beginning at the anterior margin, well de
veloped cross-fibered intrinsic muscles border the outer surface of
both lobes continuously except for a narrow tendon at the most pos
terior point. The dorsal surface of the air bladder is loosely attached
to the kidneys and its margins are connected to the dorsal body wall
by peritoneum. Dissection shows that the lobes open into each other
for some distance backward from their juncture, beyond which a thin
membranous septum, perforated only by one small central hole, walls
off a posterior chamber. Red glands are prominent.
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The upper pharyngeal teeth are coarse blunted cones arranged in
two transverse lateral patches on each side of the midline. The
anterior patch consists of a single row of teeth, the posterior patch of a
double row. The lower pharyngeals, similar in shape to the uppers
but generally shorter, are compacted together into two large transverse
patches. About three to five small, sharp, cone-shaped teeth occur
also on each knob-like gill raker of each arch. Participation of pharyn
geal teeth in ordinary sound production is not indicated in this species,
although it could well occur.
Artificial stimulation of the nerve or muscle tissue in air bladders
removed from living specimens produced considerable contraction of
the whole organ; simultaneously the contraction created sounds that
were typically "toadfish" to the ear. Harmonic analyses of these
sounds indicate frequency patterns that are similar to the natural
sounds, with pressures measured to 106.64 db. Artificial stimulation
applied to specimens from which the bladder had been removed induced
violent body contraction, but the typical grunt did not occur. From
the two examples in Table I, it is obvious that the toadfish air blad
der is in itself a complete sound mechanism.
Significance of the Toadfish as a Soundmaker. Since pressures up to
122.27 db have been measured for a single blast and since such bursts
are recurrent at short intervals, unusually high background values
may result from a solitary fish. Furthermore, since this species con
gregates in large numbers during its noisiest season, the importance
of individual sonic activity must be greatly augmented. Fortunately
life history and distribution data provide a key to sound occurrence.
Since the boat-whistle blast is associated with prespawning activity,
it may be expected regularly during June and early July in the northern
part of its range. The production of this sound in Rhode Island
waters, at its height during July, petered out completely by August
first. In the Chesapeake region, breeding occurs over a more pro
tracted period between April and November. In general this partic
ular soundmaking will probably be greatest in early summer through
out the toadfish's geographical range. When the blasts are most
numerous, migration to nesting grounds in shallow water is in progress;
however, most of the soundmaking at this time seems to occur in
depths greater than 15 feet. The fact that we experienced difficulty
in locating and following some of these contacts indicates that there
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is an offshore source, often in the deeper channel at the mouth of
Wickford Harbor. Nests were most numerous in the various pro
tected inlets within the Harbor and many were situated in such shallow
water that they were almost exposed at low tide. Over these grounds
foghorn blasts were rare and were produced by partially spent in
dividuals; the main chorus was apparently farther out.
No direct evidence has been gathered on the production of foghorn
sounds by the female. However, since the development of the air
bladder is alike in both sexes and since there is no apparent difference
in their grunting, we have reason to believe that the ability to produce
this sound is similar in both male and female. In cases where sound
making is restricted to the male, as in Menticirrhus saxatilis, the female
lacks the special apparatus involved.
The other typical toadfish sound, the coarse growl, may be expected
in any season throughout its range. A sluggish bottom dweller, this
species ranges commonly from the West Indies to Cape Cod and
casually to Maine. Protected coves and salt ponds are favorite haunts
during the warmer months, and muddy bottom in depths of at least 27
fathoms is preferred in winter. Because of its desire for concealment,
the toadfish noses into or under any available object on the bottom,
and the possibility of such interference with underwater gear must be
considered. Laboratory specimens invariably wedged themselves be
tween the hydrophone and the 'side of the tank when other cover was
lacking.
Family XIX.

MERLUCCIDAE.

26. Merluccius bilinearis Mitchill.
land hake.

Silver Hakes.
Silver hake; whiting; New Eng

Recorded Sounds. The single weak knock of the silver hake re
sembles one of the more highly pitched air bladder sounds. Described
as successive "hoots," "raps," and "banshee," analyses show a strong
resemblance between all of these sounds. The frequency range is 80
to 875 cycles, with the highest fundamental around 300. Fig. 30,
which represents the average of five sounds produced by a 350 mm
male, shows strongly predominant frequencies in the vicinity of 300
cycles, with a small second harmonic at 600. Scattered peaks at 175,
425, 475 and 650 cycles are of small amplitude and have no harmonic
relation.
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Figure 30. Spectrum of the feeble knock produced by an irritated silver hake, based on
the average of five sounds analyzed by harmonic filter.

Stimulation to Sound Production. Sound was induced only by mod
erate irritation, when specimens were handled under water or when
slight pressure was applied to the gill region. None of the five silver
hake available for experimentation were given electric stimulation,
and none were held in captivity until they were sufficiently acclimated
to feed or react normally.
Mechanisms Involved. By general contraction of skeletal muscles
or by violent closing of opercula, vibrations must be produced in the
gas-filled chamber adjacent to the vertebral column. In effect all
but the floor of this chamber has a wall of bone, but it seems to function
as a true air bladder since it has continuous membrane lining and an
embedded gas gland. This organ, occupying the posterior three
fourths of the body cavity and only a third of its depth, is firmly at
tached to a canopy of wide transverse vertebral processes which ex
tends some distance beyond the bladder's lateral margins. Each
process has a deep groove that extends the length of its ventral surface,
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into the terminal portion of which fits a caecum-like extension from
the body of the air bladder. In the dissected specimen there are 21
pairs of these lateral horns, which have thick walls like the bladder
floor and which reach to the ends of the transverse processes. At
the bladder's anterior extremity there is a pair of short dorsolateral
horns; narrowing posteriorly, the air bladder ends in a rather sharp
point. The internal surface presents a washboard appearance because
of the series of transverse grooves, and at the junction of each groove
with the bladder floor may be seen the entrance to a lateral horn.
Significance of the Silver Hake as a Soundmaker. Although indi
viduals are capable of weak soundmaking, there is no evidence that
the silver hake contributes significantly to the general background
of underwater sound. Definite schooling is improbable but in the
fall large numbers of spent adults often swim together inshore in
pursuit of herring or other small fishes; it is possible that some sound
is emitted at this time. The species ranges from the Bahamas to the
Grand Banks and is most abundant between Cape Sable and Cape Cod.
It is one of the most numerous species locally and is common from
May until November near the bottom close inshore and at midlevels
to depths of 300 fathoms or more. Spawning occurs between June
and October on the New England coast, particularly in July and
August. Most of the ripe fish frequent depths of less than 50 fathoms
but may be expected down to 300 fathoms.
Family XX.
bots.

PLEURONECTIDAE.

Halibuts, Flounders and Tur

27. Lophopsetta aquosa (Mitchill). Windowpane; sand flounder; sun
dial; spotted turbot; New York plaice
Recorded Sounds. A number of single low frequency thumps were
recorded during electric stimulation of each of the three specimens.
Fig. 31 represents one such sound produced by a windowpane 230 mm
in standard length. A principal frequency of 60 cycles, with con
siderable harmonic content, is indicated.
Stimulation to Sound Production. A dozen windowpanes, held in
captivity for varying periods up to two months, remained fairly
quiescent on the bottom for the most part but swam freely when
disturbed. Feeding activity was not observed. Considerable me
chanical noise accompanied their movements over loose stones and
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Figure 31. Spectrum of the low frequency sound produced by a windowpane, based on
analysis by harmonic filter.

pebbles, but no biological sound was recorded except when individuals
were shocked. At such times a definite thump occurred simultane
ously with the specimen's abrupt rise off the bottom. Rapid swim
ming followed the shock and could be readily induced thereafter by
tapping the glass or stirring the water, but the sound was not repeated.

!

11

96

Bulletin of the Bingham Oceanographic Collection

[XIV: 3

Mechanisms Involved. Although the windowpane's method of pro
ducing these sounds is obscure, it is quite probable that the sounds
are of biological origin since two other flatfishes (Pseudopleuronectes
americanus Walbaum and Achirus fasciatus Lacepede) of similar size
and subjected to the same experimental procedure remained silent.
It may be significant that the physical reaction to electric stimulation
was greater in the windowpane than in the above mentioned relatives;
the coincident sound may have been caused by greater compression
of the whole body cavity as a result of more convulsive muscle con
traction. What with the absence of an air bladder, this type of sound
is difficult to explain otherwise. Above, the pharyngeals are armed
with three paired patches of numerous medium sized cardiform teeth;
below, there is one pair of lateral longitudinal patches of equally
numerous but slightly smaller cardiform teeth. Gill rakers as well
have many small conical teeth. However, the recorded sounds give
no indication of stridulatory origin.
Considerable anatomical study has been made in an attempt to
explain why L. aquosa (three specimens) consistently produced sound
while P. americanus (six specimens) and A. fasciatus (six specimens)
did not. The pericardial cavity of L. aquosa is relatively large with
respect to the heart, and its walls are thin. Lying against each side
are two band-like skeletal muscles which extend from the pectoral
girdle to the 5th branchial arch. Lacking any other explanation, we
suggest that these muscles may "thump" against the pericardia! cavity
during convulsive contraction to produce sound. Both P. americanus
and A. fasciatus have smaller pericardial cavities, and the correspond
ing muscles seem to have less contact with the walls. No pertinent
differences in the structure of the abdomen are apparent in the three
fishes. However, comparative study of many more specimens would
be desirable in order to substantiate or discredit this possible source
of sound in the windowpane.
Significance of the Windowpane as a Soundmaker. There is no
evidence to date that the windowpane resorts to purposeful sound
production. If the thumps originate as suggested above, they must
be involuntary and infrequent in occurrence. However, like other
flatfishes in search of fish and small invertebrate food, this species
moves in and out of loose bottom and in so doing may promote ac
cidental noise, its volume probably being commensurate with the
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character of the bottom. A preference for sand in depths of less than
20 fathoms is shown, although it has been reported on Georges Banks
at 40 fathoms. The extreme geographical range of this species extends
from the Gulf of St. Lawrence to South Carolina, but it is most abun
dant in shoal waters south and west of Cnpe Cod. Although it ap
parently survives in temperatures between 36 ° nnd 70 ° or more, the
windowpane is able to maintain itself in abundance only where the
surface waters rise above 55 ° F in summer. Spawning takes place
in shallow water in late spring and summer in the northern part of its
range, and possibly in the fall south of Chesapeake Bay. Most cap
tures do not exceed 300 mm, but two-pound specimens measuring
rwer 450 mm have been reported.
PRODUCERS OF ]\,fECHA1'ilCAL SOUND

Twenty-seven species observed during the present investigation
were responsible for mechanical noises of varying intensity due to
normal or induced activity within the test area. Since some of these
fishes exhibit good development of organs that are associated with
sonic activity in other species, it is possible that some biological sound
is included in our recordings but is obscured by the louder background
of accidental sound production. With the exception of two flatfishes,
none of these species were subjected to electric stimulation.
The sounds of five smooth dogfish, Galeorhinus laevis Valmont, were
audible only when they were swimming with fins partly out of water
or occasionally when feeding on crabs. This species has no air bladder
and all recorded sounds are purely accidental. However, the noisy
grinding of the numerous flat granular teeth of a "packof sea hounds"
over favorite shoal feeding grounds may be expected to reach con
siderable volume.
Two northern stingrays (Dasyat,is centroura [Mitchill]), one butter
fly ray ( Gymnura micrura [Bloch and Schneider]), and one large eagle
ray (Myliobatus freminvillii LeSueur) were held in Bay enclosures for
several days. Since they had undergone rough handling while being
captured and transported, they were excitable and thrashed loudly
at the surface and on loose stone bottom when pursued. Several
little skates (Raja erinacea Mitchill), and single specimens of the big
skate (R. ocellata Mitchill) and brier skate. (R. eglanteria Rose), pro
duced similar mechanical sound in experimental aquaria. Since all
of the members of this group are supplied with numerous teeth (e.g.,
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50 rows in R. erinacea) and subsist largely on crabs, lobsters, shrimp
and mollusks, much noise incident to feeding must occur.
Only noises due to contact with the bottom were noted in a single
specimen of the conger eel (Leptocephalus conger Linnaeus). How
ever, this species is probably capable of producing the same types of
biological sound recorded for Anguilla rostrata (p. 16), since it has a
similar arrangement of air bladder and pneumatic duct.
A single small bonefish (Albula vulpes [Linnaeus]) demonstrated
only mechanical sound during a few hours of captivity. However,
in later experiments with larger specimens taken from waters near
Bimini, Bahamas, comparatively loud growls and thumps were con
sistently recorded, as would be expected from a species that has an
extremely elongate air bladder and a heavily toothed mouth.
None of the available Clupeiclae lived well in captivity, therefore
the routine series of experiments were not completed. However, the
following specimens were easily excited to frenzied swimming, and
small accidental noises at the surface were recorded: 15 Atlantic
herring (Clupea harengus Linnaeus), two hickory shad (Pomolobus
mediocris [Mitchill]), 12 alewives (P. pseiidoharengus [Wilson]), one
glut herring (P. aestivalis [Mitchill]), and five menhaden (Brevoort-ia
tyrannus (Latrobe]). Since all of these related species are supplied
with air bladders and pneumatic ducts, slight biological sound may be
possible as in the case of Opisthonema ogliniim (p. 20). On the left
side of the genital pore of C. harengus there is a minute opening through
which gas escapes from the air bladder to the exterior. Evans (1940)
suggests that the herring's discharge of gas bubbles at the surface is
audible.
Ten threespine sticklebacks (Gasterosleus awleatus Linnaeus) and
three fourspine sticklebacks (Apeltes qiiadraci1,s (Mitchill]) may have
produced minor stridulatory sounds, but only accidental noises are
recognizable in our recordings. We noted that the prominent dorsal
and pelvic spines snapped up sharply when the fishes were startled,
but in these small specimens no associated sound could be dis
tinguished.
Incomplete observations were made on the following Scombridae:
seven Atlantic mackerel (8comber scombrus Linnaeus), 14 frigate
mackerel (Auxis thazard [Lacepede]), four Spanish mackerel (Scom
berornoriis rnawlatus [Mitchill]), and one Cero (8comberomorus regalis
[Bloch]). That all were in poor condition on arrival and died before
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completion of the routine experiments may account for the fact that
only mechanical noise was recorded. Tower (1908) accredits Scomber
brachyurus with the production of harsh grunts by pharyngeal stridula
tion, and Japanese experimenters singled out Pneumatophorus japon
icus as a probable soundmaker of importance (C. J. Fish, 1946). Al
though an air bladder is lacking in Scomber and A uxis, it is present in
Scomberomorus in which it may serve to amplify the scraping of pharyn
geal teeth.
Seven small specimens of the pilotfish (Naucrates ductor Linnaeus)
produced no recordable biological sound, but since it is a member of
the Family Carangidae, tooth stridulation may be expected. The
related Alectis ciliaris produced scratchy bursts and low barks (p. 31);
and Caranx crysos emitted loud rasps (as if made with a rough file) and
additional low thumps in our southern recordings (p. 30). The present
pilotfish were about 125 mm in length, but specimens over 600 mm
are common in warmer seas.
The 13 black rudderfish (Palinurichthys perciformis [Mitchill]) avail
able for study were juveniles under 150 mm; adults attain a length
of at least 350 mm. Its soundmaking in captivity was purely mechan
ical. It is feebly toothed except for horny hooked oesophageal proces
ses, and in this respect it resembles Poronotus triacanthus (p. 35).
Only occasional noise of accidental origin was evident in experiments
with the bladderless shark sucker (Echeneis naucrates Linnaeus).
Twelve specimens were given the full series of experiments, with the
exception of electric shock.
Nothing but the noise of collision against the tank or the disturbance
of gravelly bottom was detected during observation of the following
flatfishes: five American plaice, (Hippoglossoides platessoides [Fab
ricius]), 23 summer flounders (Paralichthys dentatus [Linnaeus]), six
winter flounders (Pseudopleuronectes americanus [Walbaum]), and two
hog chokers (Achirus fasciatus Lacepede). As noted in connection
with Lophopsetta aquosa (p. 96), electric stimulation of P. americanus
and A. fasciatus gave negative results.
SPECIES IN

WmcH

No SouND HAS BEEN OBSERVED

Four pipefishes, Syngnathus fuscus Storer, were monitored for sev
eral weeks with negative results. Burkenroad (1931) reported that
the Louisiana species makes a click similar to that of an elaterid beetle
by repeated snapping of the head, no doubt in like manner to Hip-
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pocampus hudsonius (p. 23). Proper stimulation for such sound pro
duction was apparently lacking in the present pipefish experiments.
Some 50 Atlantic silversides (Menidia menidia notata [Mitchill])
and three waxen silversides (M. beryllina [Cope]) maintained complete
silence when subjected to routine stimulations. The absence of sound
in these small rapid swimmers is not surprising when one considers
their insignificant teeth and air bladder.
Two striped mullets (Mugil cephalus Linnaeus), about 75 mm in
length, were likewise silent during several days of captivity. How
ever, since there is a large air bladder, some biological sound may
occur in southern waters where the species attains a length of at least
600 mm.
Five sand launce (Ammodytes americanus DeKay) produced no
sound during swimming and burrowing in the sandy bottom. There
is no air bladder in this species, nor are there teeth in the jaws.
The one available mackerel scad (Decapterus macarellus [Cuvier and
Valenciennes]), with its nearly perfect fusiform body and toothless
jaws, evidenced no soundmaking ability; however, we have recorded
biological sound in many related Carangidae. Here again, the absence
of biological sound in the present records does not necessarily indicate
that the species is always silent. Under other physical conditions
or different stimulation the fish in question may prove sonic.
DISCUSSION AND CONCLUSIONS
Direct experiment has demonstrated the widespread existence of
both biological and mechanical sound among representatives of many
diverse families. Like other animals, a few fishes indulge in "con
versational" use of their sonic power, but the majority use it in emer
gency or in response to special stimulation, either physical or physio
logical. On the basis of our recordings, only six of the 60 species
studied in Narragansett Bay remained completely silent.
It is now evident that general ambient noise records do not provide
accurate information on the biological sounds that are to be expected
in any particular region. Since the greater percentage of the fish
population, though capable of sound production, responds only to
definite stimuli, scanning for animal sounds in waters frequented by
known sonic species is commonly unrewarding. Hence there is only
one way to determine what sounds of biological origin may be antici
pated in any given area, and that is to test the individual species
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which comprise the fauna of that area, measure sound outputs, de
termine the conditions requisite for sound production in each case,
and assume that any or all fishes will make their characteristic con
tributions when the suitable stimulation occurs. Such data must
supplement general background sound measurements for a proper
understanding of field conditions.
Although a species may possess organs associated with sound pro
duction, it does not necessarily mean that it produces biological sound.
However, the good development of such organs is usually indicative
of noisemaking ability. Just as man may produce sound when the
chest is mechanically percussed or exclaim involuntarily as a result
of unexpected impact, so fishes with an air bladder may become un
intentionally audible. Since sudden violent encounters are probably
common to members in a highly competitive marine population, the
more or less involuntary sounds observed probably occur frequently
along with voluntary defensive and offensive outbursts.
Biological sound is not confined to fairly shallow water, though
sounds from concentrations of fishes close to shore are most noticeable.
Groupers (Epinephelus mystacinus [Poey] and E. morio [Cuvier and
Valenciennes]) hooked at depths of 300 to 400 m in the Bahamas in
December 1952 boomed en route to the surface, and ocean sunfish
(Mola mola) taken at the surface many miles offshore gnashed their
teeth and grunted loudly. Nor is biological sound production limited
to a certain time of year. Except in those cases where sound is defin
itely associated with breeding activity, it is logical to expect character
istic sounds anywhere and at any time within the geographical range
of each sonic species, whether it be depthwise or coastwise, diurnal or
seasonal. Distributional data are requisite, therefore, in any attempt
to predict underwater background of animal origin in any particular
area.
Biological and life history data on local sonic species, especially the
latter, are likewise necessary in order to estimate probable background
level, since the combined efforts of many makers of insignificant sound
may result in considerable over-all volume. An individual drumfish
croak may never reach 114 db at close range or be attenuated over
50 feet, but a nocturnal chorus during spawning concentrations may
raise the general background level of a large bay at least 114 db over
the audible frequency range (NOL, 1944). Again, as demonstrated
in our recent Bahamas studies, a single Synalpheus snap may not
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reach 120 db when the source is less than three inches from the hydro
phone, while the sound from a natural bed of these shrimp will give
the same pressure at the much greater distance of three feet.
The magnitude of an individual sound is not dependent on the size
of the fish, although it may be expected that the volume of sonic
production is proportionate to the size of the sonic mechanism, i.e.,
the larger the mechanism, the larger the sound output. In spite of
the fact that effort exerted in sonic response increases proportionally
with the intensity of stimulation, experiment has shown that peak
performance of a fish's soundmaking apparatus rarely occurs. For
this reason a statement of maximum sound pressure for any species
is impossible. In every case where a measured value is given, we have
recorded not only the size of the experimental specimen but the exact
stimulus and the apparent degree of reaction. The insistent mating
call of a 203 mm toadfish may repeatedly reach 122 db before capture,
whereas in the laboratory its most aggravated growl, produced by the
same mechanism, will not exceed 118 db. Certainly the 109.69 db
maximum measured for a 475 mm gray squeteague is not its loudest
possible sound.
Although a statement of maximum pressure cannot be ventured
for a given species, the frequency range of its soundmaking can be
fairly accurately determined. Individuals of different sizes may vary
somewhat in the principal frequencies exhibited, but the general sound
pattern will be strikingly similar among all members of the same
species. So distinctive in nature are these sounds because of range
limitation, harmonic quality, duration, repetition rate, etc., that the
investigator soon learns to differentiate by ear the various sources
in an unknown population.
Furthermore, the frequency pattern of an individual remains quite
constant through repeated outbursts, as indicated by the data for
seven toadfishes which were held in solitary confinement without
feeding for eight weeks (Table II). Note that, in every case, sound
pressure increased at the end of the period in spite of apparent emacia
tion. No difference in sound production is shown between males and
females of this species.
If biological sound is voluntary and purposeful, as these experiments
indicate, it must be assumed that another animal, likely one of its
own kind, is able to hear it. Comparison of sound production with
reception of auditory stimuli in the same species supports this theory.
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Fishes vary in their auditory thresholds according to anatomical dif
ferences. In those species which have the air bladder closely asso
ciated with the inner ear labyrinth, keener hearing is exhibited by
their response to lower sounds, i.e., they respond to 30 to 50 db lower
than do those without such intimately connected apparatus. The
minnow Phoxinus laevis, with well developed accessory hearing organs,
had an approximate threshold sound pressure in air of 20-30 db above
0.0002 dyne/cm2, while the eel, Anguilla anguilla, with its poorly de
veloped acoustic area and no coupling with the air bladder, had a
threshold of 50-70 db (Diesselhorst, 1938). Although Griffin (1950)
was unable to ascertain actual thresholds for Prionotus evolans, 91 db
was the lowest pressure to which any of his experimentals responded.
No threshold measurements were attempted in the course of this
investigation, but it was noted that, among our experimental species,
members of the Family Clupeidae (Opisthonema oglinum, Clupea
harengus, Pomolobus mediocris, P. pseudoharengus, P. aestivalis and
Brevoortia tyrannus) were most easily alarmed by weak sounds. In
this group an elaborate hearing aid consists of anterior air bladder
extensions which divide into two finer ducts that end in vesicles con
nected with the inner ear.
That reception of low intensity sounds is correlated with production
of low intensity sounds is evidenced by the extremely weak knocking
of 0. oglinum. On the other hand, a maximum over-all pressure of
107.88 db above 0.0002 dyne/cm2 was measured for a single Anguilla
rostrata thump, 109.69 db for Cynoscion regalis, 112.56 db for Prionotus
carolinus, 117.9 db for P. evolans, and 118.06 db for Opsanus tau.
Griffin assumes that species without accessory organs of hearing will
have auditory thresholds in the vicinity of 50 db.
Not only the magnitude but the ranges in frequency of sounds
perceived and sounds produced seem co-ordinated. In the case of
A. rostrata, a frequency range of 25 to 1200 cycles, with maximum
energy concentrated between 50 and 800 cycles, has been demonstrated
(p. 16). Diesselhorst (1938) found that the European A. anguilla
responded to frequencies between 258 and 500-650 cycles, values well
within the frequency range of sounds produced by our closely related
American eel. Griffin, who found at least one P. evolans which re
sponded to 100 cycles, states that "fish such as the sea robin which
have no accessory air vessels coupled to the inner ear are not very
sensitive to frequencies above a few hundred c.p.s." The frequency
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range of sounds produced by our specimens of P. evolans was un
usually limited in comparison with that of other local fishes, spreading
only between 40 and 800 cycles, with principal frequencies at 200,
100 and 300 (listed in order of magnitude, p. 84).
Undoubtedly fish have other vibratory receptors in addition to the
auditory apparatus, particularly a series of sensory pores on the head
and on both sides of the body which are served by branches of the
vagus cranial nerve. Developmental study has indicated that one
of these lateral line organs evolves into the inner ear, and experiment
has shown that the whole remaining system responds exclusively to
sound stimuli (Schultz, 1948), especially to vibrations of extremely
low frequency, e.g., as low as six cycles (Norman, 1936).
Considering that fishes are provided thus with abundant receptors
for low frequencies, it is not surprising that the sounds produced by
most of them have relatively low frequency components. The ma
jority of species tested in the present investigation have principal
frequencies between 75 and 300 cps; none exhibited sounds lower
than 20 cps, and, with three exceptions, none produced sounds higher
than 1600. Only the stridulatory bursts of the triggerfish, filefish and
burrfish reached the 2400-4800 cps octave.
Future plans include exploration of possible sound production above
the audible range, but to date there is no evidence of the use of higher
frequencies by fishes. In available records, the highest frequency to
which any fish has responded is below 7,000 cps. Sonar test equip
ment (Model OCP-1, with reception range of 7,000 to 70,000 cps) has
indicated that the yellowfin tuna, Neothunnus macropterus, neither
emits nor responds to ultrasonic sound (Miyake, 1952). Even in the
case of a marine mammal, Tursiops truncatus (Montagu), which re
sponds to ultrasonic frequencies (Fish, 1949) and which produces
sounds as high as 120,000 cps or above, "dominant frequencies, as
far as intensity is concerned, are in the sonic range" (Kellogg, et al.,
1953). Kellogg suggests that in Tursiops the higher frequencies may
be advantageously used for echo-sounding. In the only record of
possible similar sound activity by a fish, the signal was a rather con
stant frequency in the vicinity of 500 cps (Griffin, 1950).
For the most part our studies have been aimed at concrete evidence
of purposeful sound production. However, many interrelated prob
lems and possibilities of a more general nature are constantly suggested.
For instance, may not soundmaking ability compensate for deficiencies
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of the fish itself or of its environment? Stubby burrfish and puffers
are notoriously poor swimmers, but they possess the means of gen
erating warning whines that supplement prickly bodies and infla
tionary power as protection against predators. For the slow moving
ocean sunfish, giant size, a tough hide lined with several inches of
gristle, and a loud "voice" for grunting and growling must serve as
weapons of defense. On the other hand, streamlined members of the
mackerel family that effect escape by out-swimming enemies do not
need, nor do they exhibit, great soundmaking skill.
Development of sonic mechanisms in eels and catfishes may be
considered some substitute for loss of visibility. Croakers, with their
period of greatest activity after sunset, must find it extremely useful.
Still more direct evidence of the usefulness of sound production exists
in the alleged soundmaking of blind cave species (Bridge, 1904).
Under attack, soft bodied sea robins and toadfish resort to vicious
growling as they seek to swim away, whereas the strongly armored
and well camouflaged seahorses and trunkfishes remain silent and
often motionless. The degree of development of sonic ability in
many cases seems to be correlated with locomotive power, keenness
of vision, protective integument, and other requisites for survival.
Further information on the nature and significance of sound pro
duction is expected through the simultaneous use of motion picture
camera and tape recorder. Such synchronization of physical and
sonic activity proved valuable during the past year when we were
studying numerous Bahamas species; similar records are being pre
pared now for fishes in New England waters.
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